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PREFACE, 

Geologt, in its aim to describe the materials composing the earth's 
crust, their mode of arrangement, and the causes which seem to 
have produced that arrangement, constitutes one of the most inte- 
resting and important of the natural sciences. Interesting, inas- 
much as it exhibits the progressive conditions of the world from 
the remotest periods, and reveals the character of the plants and 
animals which have successively adorned and peopled its surface ; 
and important, as it determines the position of those metals and 
minerals upon which the arts and manu&ctures so intimately 
depend. Valuable as are its deductions, Geology is compara- 
tively of recent growth, it being only within the present century 
that accurate data have been collected, and those absurd specu- 
lations respeddng the origin of the globe eschewed, which had so 
long impeded the legitimate prosecution of the subject If, how- 
ever, long repressed by the imprudence of its early cultivators, 
no branch of human knowledge has made more rapid progress 
since right modes of investigation were adopted—none attracted a 
greater degree of attention, or been more generally applicable to 
the economical purposes of life. To furnish an outline of the 
science in its present state of advancement, is the object of the fol- 
lowing treatise, in which the leading facts are stated in as simple a 
manner as is consistent with accuracy. Technical terms, oft^i so 
ignorantly inveighed against, have not been avoided, but have been 
gradually introduced with their explanations, to familiarise the 
learner with Geological language, and thus prepare him for the 
study of more advanced works, as well as for the practical prosecu- 
tion of the subject. A uniform arrangement of the topics has been 
strictly adhered to, so as at once to assist the memory and facilitate 
reference ; theoretical disquisitions have been studiously avoided ; 
and a plain record of facts and observations presented, in order 
that the treatise might answer the end intended— namely, for Use 
in Schools and for Private Instruction. 



EDDrBusoB, May 1844. 
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OBJECTS OP GEOLOGY. 

1. Gboloot is that science which treats of the materials 
composing the earth's crust, their mode of arrangement, 
and the cai^ses which seem to have produced that arrange- 
ment. 

2. By the ectrth^i crust is meant that external shell or 
coyering of solid matter which is accessihle to man's jnyesti- 
gation. The highest mountains do not rise five miles ahove 
the level of the sea, and the deepest mines descend only 
about a third part of a mile, so that, even were we p^ectly 
acquainted with the entire space between the top of tlie 
highest mountain and the bottom of the deepest mine, it 
would form but a very insignificant fraction of the distance 
between the surface and centre of the globe^ which is nearly 
4000 miles. Thin as this crust may seem, it nevertheless 
presents innumerable objects for investigation; hence the 
magnitude of this science, which has be^i ranked, in point 
of importance, second only to that of astronomy. 

3. The materials which compose the crust of the glebe are 
exceedingly varied. For instance, one part of the surface is 
covered with sand, another with clay, and a third with gravel. 
How were these materials formed, whence were tb^y de- 
rived, and by what agency were they laid down in their 
present position ! Afi;am, shells and bones may be found in 
the sand and clav, plants and trees in the peat-earth. How 
came these remains to be buried there, and are they similar to 
those animals and vegetables now living and growing up<Hi 
the earth! As we dig through the sands, gravelB, and 
clays^ we come upon rocks, some in layers, others in masses ; 
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8 GEOLOGY. 

some are hard and sparkling, others soft and earthy; and 
most of them di£fer in colour. Many of them differ idso in 
the kind of matter of which they are composed, such as 
sandstone, limestone, coal, roofing-slate, &c. How were these 
rocks formed, and hy what means were they laid down in 
their present positions ! for rocks so different m kind as lime- 
stone, coal, and sandstone, must have heen formed under 
different circumstances. Further, we find petrified shells^ 
fishes, hones, and plants imhedded in these rocks ; and diffe- 
rent rocks contain different kinds of these remains. How 
were they imhedded there ? Are they similar to shells, fishes, 
and plants now existing I Do they seem to have lived and 
grown in the sea, in fresh water, or on dry land ! Such are 
a few of the questions which it is the province of the geo- 
logist to consider; and in doing so, he must ground his 
reasoning upon the analogy of the changes now going for- 
ward on the face of the glohe, endeavouring to discover 
what relation they hear to former changes, and whether 
hoth may he ascrihed to similar causes. 

4. The causes which modify the crust of the globe are very 
numerous, differing in power, as well as in their mode of 
action. At present we find rivers hearing down mud, 
sand, and gravel, and depositmg the same either along their 
hanks, in lakes, or in the sea — these deposits forming layers 
of mud, sand, or gravel, which in some cases become con- 
solidated, and assume a rocky appearance. If plants, shells, 
or dead animals he carried down at the same time by these 
rivers, they will be imbedded in the layers so formed, and 
will in course of time become petrified, or converted into 
stony matter. Rains, frosts, winds, and the like, act upon 
all rocks, and make them crumble down, thus leaving the 
decayed matter to form additional surface soil, or to be 
borne down by rivers and other currents of water. Plants 
and animals also modify the crust of the globe : plants grow 
and decay, either addmg matter to the soil, or forming 
accumulations in marshes, in the character of peat-moss : 
animals also yield their remains to the surface ; and some of 
them, as shell-fish and corals, form vast accumulations of 
solid matter. Earthquakes break up the earth's crust, ele- 
vating some places, and sinking others; raising the bottom 
of the sea to become dry land, and sinking dry land under 
the ocean. Volcanoes are sometimes accompanied with simi- 
lar effects, and generally throw out lic[uid lava, which, when 
cooled down, forms rocks ; and repetitions of these discharges 
gradually form mountains. 

5. The causes enumerated in the preceding paragraph are 
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OBJECTS OF GEOLOGY. 9 

t}i06e which mainly contriBute to the modification of the crust 
of the globe. In general they act gently, and within limited 
q)aces ; occasionally with great violence, and over a large 
extent of country. These forces have always exerted them- 
selves with greater or less intensity, and liave always pro- 
duced corresponding results. In reference to the masses of 
sand, gravel, and day, now far removed from waters, a^xd 
to the various rocks which are found at great depths in the 
earth's crust, it is the object of geology to discover whether 
they are to be ascribed to the operation of forces similar 
in kind, but greater in degree, than those above-descrfbed ;. 
and whether the plants and animals found petrified within 
them be or be not of the same kinds as those now ex- 
isting. If they are of the same races, did. they exist under 
similar circumstances! and if not, what seem to have been 
the conditions of the world under which they flourished ? 

6. To solve the numerous problems which geology thus em- 
braces, a vast amount of research and knowledge is neces- 
sary. To account for the aggregation and positions of many 
rock masses, the geologist requires to be acquamted with: 
the principles of mechanics ; to treat of their composition 
and formation, the aid of chemistry must be called in ; to 
describe and classify the remains of plants and animals, he- 
must have recourse to botany and zoology ; while, generalljr 
speaking, there are many of his. problems, for the successful 
solution of which the assistance of almost every branch of 
natural science is necessary. An amount of acquirements so 
varied is beyond the compass of most minds ; nence geology 
has been divided into several departments, which, while ulti- 
mately depending on each other for their progress, can be 
studied as individual sciences. These are — Physical Geo- 
graphy, which limits itself to the mere surface and configu- 
ration of the earth as occupied by land and water, mountains 
and valleys, and other external appearances; Mineralogy , 
which treats of the individual crystals or minerals of which 
rock masses are composed ; and Oryctology^ or Pakeontologyy 
which directs itself exclusively to the consideration of the 
fossil plants and animals that may be discovered in the crust 
of the globe. 

7. Abstract or speculative geology comprehends all these 
branches, and, were it a perfect science, would present a his- 
tory of the globe from its origin and formation, through all 
the changes it has undergone, up to the present time ; de- 
scribing its external appearance, its plants and animals, at 
each successive period. As yet, geology is the mere aim 
to arrive at such knowledge ; and when we consider how^ 
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difficult it is to trace the history of a nation rmi orer a few 
centuries, we cannot be surprised at the small progress geo- 
logists have made in tracing the history of the earth through 
the lapse of ages. To ascertain the history of a nation possessed 
of written records, is a task com|Mffatiyely easy ; but when 
these are wanting, we must examme the mins of thar dties 
and monuments, and jud^ of them as a people from the size 
and structure of their buildings, and from the remains of art 
found therein. This is often a difficulty and all but imprac- 
ticable task; mudb mom so is it to decipher the eartl^s 
history. It is true that certain geological feicts are recorded ; 
but tne record is neither distinct nor of much antiquity. We 
learn that earthquakes ha^e raised land above, or sunk it 
beneath, the sea ; that yokanoes luiye formed mountains and 
buried cities^ sudi as Herculaneum and Pomneii ; that the 
mud of rirezs has formed vast plains like the iMtas of the Nile 
and Ganges ; that dties once on the se»-diore are now seyeral 
miles inland ; and that dties coice removed from the sea have 
been washed away by its inroads, their sites now forming the 
bed of the ocean. Beyond a few facts like these, we have no 
writt^i geolo^cal record ; and, foar the earlier history of the 
earth, must descend into the gravels clayey and rocks which 
form its erust ; judge of past chatnges by tne character of these 
masses ; and reason as to the kind of plants and animals which 
formerly peopled its snr&ce, from the petrified remains which 
are entombed in the strata b^teath* 

8. The praetieal tUiiUp of geology is alike varied and ^t- 
tensive. The meti^ so Indispeimble to the puipoees of dvi- 
lised life are all dug in the shape of orva frx>m the rocky 
crust, certain meta£ being found in certain rocks, and 
in certain positions. As with metals, so with coal, building- 
stone, lim^tone, and otiicr minerals ; and it is the duty of 
practical geology to direct the miner in his search for these 
vidui^le metals and minendsy and to point out to him by what 
means thev can be moat eoonomioaUy obtained. In a coun- 
try like &itain, where railroads, canals, reservoirs, tunnels, 
and harbours are in constant requiremoit, the deductions of 
geology must be of first importance in pointing out the kind 
of rocks through which tnese operations have to be con- 
ducted, as also in ascertaininfi^ the strength and durability of 
the buildii^ material required by the engineer and architect. 
Soils being m many, cases composed of the decayed materials, 
as well as influenced by the porous or compact texture of the 
underlyiiM^ rocks, there must subsist an intimate ooimexion 
b^ween them ; an acquaintance with the prevalent characters 
of rock fMnnatiotts will, therefore, greatly assist the agricul- 
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tniist in his endeavours to improve the fertility of the soil. 
Other practical advantages to be derived from the study of 
g^ogy might be pomted out ; but these will be best con- 
sidered in a subsequent part of the treatise, when, as may- 
be supposed, the student will be better aide to judge of their 
importance* 

EZFLAMlXOBr NOTE. 

CtaBOLOOT (Gseek, ge, tiie earth, and fii^cw, a dia c o ui' B c ) -roa aorfng 
aboat the stmctuxe ei the earth. The term Geo^ioig (from ge, taoS. 
gnosis, knowledge) is sometimes used instead of geology, the fomrar 
signifying absolute knowledge, and the latter implying speoulatiye 
reasoning. Greology, however, is the term most frequenUy in use, and 
is likely to continue so. 

Cbust — the outer or solid covering of any body, such as the orast of 
a loa^ the c^ll of an egg, && The ccost genetaBy diffen hi quality 
from the internal parts, which it eeven ; he&ee the tenn ** omst <tf 
the earth*^ is used to distinguish it from the interior of the g^be, 
oonceming which we have no certun knowledge. 

Petbified, Petrifactions (Latin, petra, a stone, a.nd/acere, to make) 
->4o DKdce or ehai^ into stone. "When a shell, bone, or piece of plant, 
by being endosed m rocky matten;, becomes htad and heavy like stone, 
yet retains its shape, it is said to be petrified. Petrification is thoe 
caused by the i)articles of stony matter entering into, and filling the 
pores of the animal or vegetable structure ; Mme-water, for instance, 
entering into the pores, and between the fibres of a piece of wood) 
makes it a limy petrifaction. 

Fossil (Lat., fossuSf dug up^ — anything dug up out of the earth is 
fossil ; but the term ** fosmls, or ** fossu remains,*' is now generally 
api^ed to i)etrified vegetab^ or animal refluunaMog out of the earth^ 
cmst. 

Obtctoloot (Gr., ortisso, to dig, and logos, a discourse) — a discourse 
or reasoning about things dug up. Paljeontoloot (from palaios, 
ancient, onta^ beings, logos, a discourse) — a discourse or reasoning about 
aiM^ent beings. Both of these terms are used by geologists to signify 
the science of fossil remains ; some olir^eetang to oryot<^gy as merely 
referring to things dva itp, while common stones are dug np as well as 
remains of plants and animals ; others obiecting to paleontology, be- 
csose, though it refers to ancieni beings, it aoes not imply that they are 
fbssIL 

Stbatum, plural SntAm (Lat, strahu, strewn, or spread out). When 
dUBerent rocks lie in suooesrion upon eacdi other, each individual ferms 
a stratum; and is so termed from its appearing to have been laid, or 
spread out in order. Bocks arranged in parallel layers are tluis said to 
be stratified; and those among which there is no appeazance of this 
pan^l arrangement, imstrat^ied. 
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GENERAL STRUCTURE AND CONDITIONS OP THE GLOBE.. 

9. Before entering upon the consideration of the materials 
which compose the external crust, there are certain facts con- 
cerning the general structure and conditions of the globe itself, 
a knowledge of which is necessary to the prosecution of geo- 
logical research. These are its Figure, Density, Temperature, 
and Surface Configuration; the Distribution of Land and 
Water, Constitution of the Sea, the Atmosphere, and Plane- 
tary Relations. 



10. The figure of the earth is nearly that of a sphere 
or globe. A diameter (measure througn) from north to 
south is said to be polar ; one from east to west, equatorial. 
If the earth were perfectly spherical, these diameters should 
be of the same measure; but it has been found by accurate 
investigation that the polar is less than the equatorial by 
about 26^ miles.. According to Herschel — 

The Equatorial is . . 7925*648 miles. 

The Polar is . . . 7899*170 miles. 



Difference, . . . 26*478 miles. 

This gives a flattening or compression at each pole of about 
13^ miles ; so that the figure of the earth is, strictly speak- 
ing, that of an oblate spheroid. 

11. This polar compression may be artificially illustrated by- 
twMing with rapidity a ball of any yielding material, such 
as putty, round a spit thrust througn it for an axis, when a 
bulging at the outer surface will take place, causing the ball 
to lose its original globular shape. This bulging takes place 
through what is called centriftigal (flying from the centre) 
force, and creates a difference between the two diameters 

, of the ball similar to that which exists in the terrestrial 
globe. 

12. From this spheroidal figure^ and what we know of the 
law of centrifugal force acting upon a body of yielding mate- 
rial, it is concluded that the earth was in a soft or yielding 
state at the time when it assumed its present form. This is 
obviously a point of considerable importance in the physical 
history of our planet, and therefore demands the especial at- 
tention of the geologist. 
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13. The density of the earth has also been computed 
with considerable a<;curacy. By weighing the most prevalent 
rooks, it has been found that the solid crust composed of them 
is about two and a-half times heavier than water ; but from 
experiments made on the attraction of mountains of known 
bulky compared with the attraction and bulk of the globe, it 
has been inferred that the density of the whole mass is five 
times that of water. In other words, the earth, as at present 
constituted, is five times heavier than a globe of water of 
similar dimensions, and twice that of the rocks at its sur- 
face. 

14. The interior or central material of the earth being thus 
necessarily heavier than the rocks which form its crust, 
numerous speculations have been indulged in as to what the 
nature of these materials may be. It has been said that air, 
water, or stone, as known at the surface, cannot compose the 
interior parts ; for if the law of gravitation exert itself 
uniformly towards the centre, either of these would be 
so compressed as to give the earth's mass a mean density 
greater than the laws of attraction will allow. Water, for 
instance, would, at the depth of 362 miles, be as heavy as 

Suicksilver, and air as heavy as water at 34 miles ; while at 
tie centre, the density of marble would be increased 119 
times! To make their suppositions accord with the mean 
density of the earthy that is, to reconcile the forces of gra- 
vitation and attraction, theorists have successively proposed 
gaseous fluids, heated matter, and even light itself, as the 
central material. 

15. Laying aside all hypotheses, our knowledge respecting 
the density and internal structure of the earth may be thus 
summarily stated : — 1. The density of the rocky crust is, on 
an average, two and a-half times that of water; 2. The 
mean density of the whole mass is five times that of water ; 
3. The central parts cannot be composed of similar mate- 
rial with the crust, otherwise their compression would be- 
come so great towards the centre, that the mean density of 
the earth would be much greater than it is ; and, 4. That 
the condensation of the central masses must be counter- 
acted by sonle expansive influence, such as heat, or have a 
constitution unlike any substance with which we are ac- 
quainted at the surface. 
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16. Thb TBMPERATirBE OF THX SA.RTH IS a fliibjdct the con- 
sideration of which exercises a most important influence on 
the reasoning of geologists. Th^re is, fust, the surface tern- 
perature, wMch ^ects the growth and distribution of plants 
and animals ; second, the temperature of the cruet, which may 
give rise to gaseous exhalations, thermal springs, nuneral and 
metallic transformations ; and, third, there appears to be asi 
internal or central Umpiraturey having its seat beneath the 
solid crust, and which seems to be the cause of volcanoes^ 
earthquakes, and other similar phenomena. 

17. Of the surface temperature, we know that it is influenced, 
first, from day to day, and from season to season, by the heat 
of the sun ; second, by the de^ee of latitude, being warmest 
at the equator, and gradually niminisbing towards either pole ; 
third, by the distribution of land and water, the sea being less 
liable to sudden fluctuations of temperature than the land ; 
fourth, by the nature of the surface, the kind and colour of 
matter variouely absorbing and retaining the heat derived &om 
the sun ; and lastly, by the elevation of the land above the 
mean level of the sea, the more elevated being the colder 
regions. All these influ^ices are at present in active force, 
affecting more or less the growth and distribution of animal 
and vegetable life ; and in uke manner must they have ex- 
erted themselves at former periods, though perhaps increased 
or counteracted by certain conditions not now existing. 

18. The temperature of the crust may be afiected either by 
heat from the sun, by heat created by chemical action among 
its materials, or by heat from the interior. During summer, 
the sur&ce is heated by the sun, and thk heat is commu- 
nicated to a certain depth; during winter, it is again given 
ofi^ to the surrounding atmosphere more or less, according 
to the severity of the winter. This alternate receiving and 
parting with heat may differ considerably in any particular 
summer or winter, but over a number of years it is found 
to be nearly stationary; that is, the amount of heat received 
and given off may be said to balance each other. According 
to tms doctrine, the earth in summer will be warmer near 
the surface than it is at small depths ; and in winter will 
be colder at the surface than at depths beyond the influence 
•of the passing cold. 

19. The heat of the sun can only affect the ear^ to a 
limited depth; for, as the heat of summer proceeds down- 
wards, it is arrested by the cold of winter, and thus conti- 
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nually kept within a giren limit. By actnal experiment, it 
bas been ascertained that, at a given depth b^^ith the sur- 
&ce of the earth, there is a point at wmch the temperature 
remains constanUj the same, being nnioflnenced by any 
causes which affect the surface. This depth will vaiy ac- 
cording to the kind of material of whidi the cmst at any 
given place is composed, be iheae mateiiiJs rocks, sand, or 
water ; but in no instance has it been fonnd to be less than 
60, or more than 100 heL A series of these d^fas, as repre- 
sented by the white line in the subjoined diagram, is called 
by geol(^ists the stratum oftnoanabk temperature. 




Swtkm, thowttig fhe iitfatu m of faiTmriable tesmperature, and relatiTe 
tbickseflB of tbe folid oRMft. 

20. Proceeding beyond this invariable stratum^ towards 
the centre (c), it has been found that the temperature gra- 
dually increases; a circumstance which attracted the at- 
tention of phHosophers more than a century ago. In 1802 
D'Aubuisson revived the investigation, and since that time, 
observations have been made in the principal mines of 
Europe and .Aonerica. The greatest depths at which experi- 
ments have been conducted, are 1713 feet in Mexico, 1584 in 
England, and about 1800 in Germany ; and in all of these the 
temperature has been found to increase according to the depth. 
In 1827 M. Cordier published a memohr on this interesting 
subject, in which he collected the observations of others toge- 
ther with his own ; and having made allowance for the heat 
arising from the breathing of miners, for the combustion of 
lamps, and communication with the atmosphere, he drew the 
following general concluaions : — ^1. Below tne invariable stra- 
tum, the temperature at any given depth remains perfectly 
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*<jonstant for several years ; 2. That below the invariable stra- 
tum the temperature goes on increasing with the depth ; and, 
3. That, taking the average of observations, this increase of 
temperature goes on at the rate of one degree of Fahrenheit's 
thermometer for every 46 feet. Others have allowed 60 feet 
for the rise of one degree ; but even taking this lower esti- 
mate, it must follow, if the increase go on in the same ratio, 
that a temperature equal to 100 degrees of Wedge wood's 
pyrometer would be found at the depth of 160 miles. But, 
XOO degrees of Wedgewood is sufficient to keep in fusion any 
of the known rocks, so that, according to tliis estimate, the 
solid crust of the earth cannot be more than 60 or 80 miles 
in thickness — a mere fractional film of the distance from the 
surface to the centre. 

21. Of the internal or central heat of the globe, we know 
nothing by actual experiment ; but are left to infer as to its 
amount from the descending increase of temperature observ- 
able in the solid crust, and from the occurrence of hot-springs, 
vapour fissures, and volcanoes. That the heat of the crust 
increases as we descend, has been fully established by experi- 
ments in mines, in Artesian wells, and in the waters of other 
deep-seated springs ; and if this temperature goes on increasing 
at the ratio above-mentioned, then the interior parts must be 
heated to an enormous degree ; so much so, indeed, as fully to 
counteract that law of compression formerly adverted to, and 
which would render all known matter, if placed at the centre, so 
dense as to be inconsistent with the mean density of the globe. 

22. Taking all circumstances into account, the following 
conclusions seem warrantable : — first, that the interior parts 
of the earth are heated to intensity; second, that this neat 
is the apparent cause of volcanoes, hot-springs, and other 
thermal phenomena; third, that the solid crust derives part 
of its heat from this source ; fourth, that this solid crust has 
partly been formed by the cooling of an original igneous mass ; 
fifth, that if volcanoes, hot-springs, &c. take place at the ex- 
pense of this internal heat, the globe must be gradually cool- 
ing; but, lastly, that from the bad conducting nature of the 
rocky crust, this gradual refrigeration is not perceptible within 
any given time. 

BXPLANATORT NOTE. 

Density (Lat., densus, thick) — ^thickness or compactness. Density is a 
«omparative term ; gold, for instance, being denser than iron, iron than 
granite, gnmite than sandstone, sandstone than water, and water than 
gas ; thafc is, a cubic inch of any one of these bodies vould differ In 
weight from a cubic inch of any of the others. To render this idea of 
density more definite, water at the temperature of 60 degrees has been 
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tftken as the standard or measure ; hence, if water be assumed as weigh- 
ing 1, the rocky materials composing the earth's crust will be 2^, or 
two and a-half times heavier than water. 

Artesian Wells (Artois, a district in France) — a term applied to 
wells sunk by digging or boring perpendicularly through various strata, 
from the circumstance that this mode was first practised in the <^ 
trict above referred to. 

Thermal (Greek, /^enn«, heat) — ^warm or hot. Thermal and igneous 
are sometimes used indiscriminately ; but it is more accurate to make 
a distinction. Thus, in treating of volcanoes, we speak of ^neous 
agency ; in treating of hot-springs, thermal is the more appropriate term. 

Temperature of the earth. — ^The chief of those who have con- 
ducted experiments relative to this subject are Gensanne, Saussure, 
D^Aubuisson, Fourier, CJordier, Quetelet, and AragOj in France, (Ger- 
many, &c. ; Sir John Leslie, Fox, Forbes, &c. in Britain ; and Hum> 
boldt, in Mexico. Their experiments present a wonderful degree of 
coincidence, and are chiefly of three classes : — 1, Those made in mine- 
ral veins, or in mountain masses, such as granite ; 2. Those made in 
stratified rocks, as in coal mines ; and, 3. Those made in Artesian wells 
and other deep-seated springs. 

surface configuration. 

23, The surface configuration of the earth is more the 
"Study of physical geography than of geology jjroper ; but it 
is necessary to observe in what manner it inliuences the 
ffeological changes now in progress. The surface of the earth 
13 extremely irregular, being diversified by hills and val- 
leys, rivers, lakes, seas, &c. Portions of it are covered witfi 
woods and forests ; other portions are elevated above the 
limits of vegetable or animal life, and covered with eternal 
snows. Some parts of the exposed surface are so hard, that 
no sensible decay is experienced for ages; others so soft 
and loose, that scarcely a shower falls without carrying away 
tk portion to some lower level. These diflFerences of surface 
material are also influenced by steepness and irregularity of 
position ; the transporting power of streams and rivers being 
proportioned to the rapidity of their descent. These are 
familiar instances of the numerous changes effected, by diver- ' 
«ity of surface configuration ; but the student has only to cast 
his eye over his own district, to be convinced how many geo- 
logical results depend upon this cause. Those immense plains 
— ^the steppes of Northern Asia, the prairies of North and the 
pampas of South America — must affect and be affected in a 
different manner from the Himmaleh, Alps, Andes, and other 
mountain ranges. The showers and snows which produce 
torrents and avalanches on the Alps, form merely springs and 
harmless streams on the Apennines ; and while the sluggish 
river is forming inland plains with its mud, the rapid torrent 
is carrying its burden forward to the bottom of the ocean. 

B 
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24. The 'mrfiwe outline <^ the earth is jo Irregplar itoA 
«vai phymcaL geogsaphy, -with all the &cilitie8 albrded by 
modem intercourse, has yet presented tis with « yery general 
description; and before we can estimate theiW force of this 
tcon^nration as a gvol(^cal agent, we must know more of 
the relative elevations and depressions of the land, and the 
nature of the rocky substances so elevated and depr^sed. Of 
the sor&ce co9i%uration of the world in its earlier ages, we 
h&n no po^ve knowledge ; but we are certain that what- 
ever it might be, ft would materially influ^ace the changes 
then going forward, just as the same cause is operating atuie 
present moment. 

niSmiBCTKm OF I.4NI> ▲MD WAIBL 
26. ThB MSTMBUnON OF LAND AND WATEB, Upon ^W^ich 

SO many geological phenomena depend, is influenced by 
this principle alone ; namely, that so long as the same quan- 
tity of water remains on the globe, a fixed amount of space 
will be required to contain it. If the difference between the 
elievations and depressions of the solid crust be small — ^in 
other words, if the hollows in which lakes and seas are 
^read out be shallow — ^their waters must extend over a 
greater ^ce; and if these hollows be deep, the waters will 
occupy less extensive areas. The operation of this principle 
the student should bear in mind ; for if, in the earlier ages 
of the world, the elevation of the land was less general, me 
waters would occupy larger spaces, and iMa more extended 
area of shallow water would act in various ways. It would 
render the climate more genial and uniform, and extending a 
greater surface to f^e evaporating power of the sun, rauos and 
atmospheric moisture would be more prevalent. These, again, 
would operate on the amount and kind of animal and vegetable 
life on ary land ; while the shallow waters themselves would 
be more productive of life, it bein^ a well-known facL that 
shell-fishes and aquatic plants flourish only at limited depths 
around the shores. Of the distribution of land and water at 
any former period of the world, we can only infer from the 
appearances which Hie surface and rocky strata present ; but of 
the present dis1ri.bution, we have pretty accurate information, 
with the exception of iliose regions surrounding either pole. 

26. The proportion of dry land to water^ as at present 
existing, is about one to tiiree; that is, three-fourths of 
the whole surfiEice of the globe may be assigned to water. 
The dry land presents itself in islands and continents vari- 
ously situated; but the student has only to cast his eye over 
a map of the world, to observe that the greater portion is 
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placed in the northern hemisphere, while the waters occupy 
the greater proportion of the eauatorial and southern regions. 
The relative configuration of land and sea is extremely ir- 
regular, and no conception can he formed of it, unless from 
the study of a well-constructed map. 

27. This configuration exercises a most important influ- 
ence in geological operations hy determining the direction of 
oceanic and tidal currents, and hy modifying the direction 
and force of waves. Ocean-currents carry along with them 
plants, trees, and other floating material, which will he ar^ 
rested wherever the land presents an obstruction. Tides ex- 
ercise a powerful transporting influence : they rise to greater 
or less heights, according as they are obstructed by the out- 
line of the land ; and while they sweep headlands and pro- 
montories bare, they lay down sand and gravel in sheltered 
bays. "Waves also wear away the land, according as the line 
of coast obstructs or favours the violence of their progress. 
If, therefore, these oceanic agents be wearing away dry land 
in one quarter, and filling up shallow bays and creeks in 
another ; if springs and rivers oe wearing down inland coun- 
tries, and carrving the material to the sea; and if, more- 
over, earthquakes and volcanoes be here submerging land, 
and there elevating the bottom of the ocean, the relative 
distribution of land and water must be continually fluc- 
tuating. 

28. Of the depth of the sea little is known from actual sound- 
ings ; but some geologists, taking the mean elevation of land 
at between two and three miles, have supposed the mean 
depth of ocean not to exceed that extent. As the land, how- 
ever, rises variously from a few feet to more than five miles, 
others, attributing the same irregularities to the bottom of 
the ocean as are seen on the surface of the land, have assigned 
various depths, from a few feet to five or six miles. From 
calculations which have been recently made on the velocity 
of tidal waves, which are found to proceed according to the 
depth of the channel, it is estimated that the extreme depths 
of the Atlantic are about 50,000 feet, or more than nine 
miles. 

29. Besides the Pacific^ Atlantic^ and other regions of the 
great ocean, there are large inland seas, such as the Baltic 
and Mediterranean, as also extensive lakes of fresh and salt 
water, all of which exercise important and varied functions 
in modifying the surface of the globe. From the existing 
arrangement, we are naturally led to entertain the opinion, 
that conditions similar in kind, though difi^ring in degree, 
have at all times been imposed upon land and water. 
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CONSTITUTION OP THB OCEAN. 



SO. Op the constitution op the ocean chemical research 
affords us pretty accurate data. "Water, whether fresh or 
salt, may contain impurities — such as clay, sand, gravel, 
animal and yegetahle matter ; hut if left at rest, these hy their 
own weight soon fall to the hottom. Such suhstances are said 
to be mechanically suspended ; and, when deposited at the hot- 
tom, they form sediment. Besides impurities of this descrip- 
tion, water may contain matter which will not fall down, and 
which is said to he held in chemical solution. Sea water of 
the Atlantic, according to Dr Marcet, contains 4 S-lOth g^rains 
ctf saline matter in every hundredth; while, according to 
Dr Murray, the water of the Grerman Ocean contains only 
3 3-1 00th grains. This saline matter consists chiefly of mun- 
ate of soda (common salt), sulphate of soda, muriate of lime, 
and muriate of magnesia. It has been also ascertained that 
the southern ocean contaiifs more salt than the northern ; 
that small inland seas, though communicating with the ocean, 
are less salt than the ocean ; that the Mediterranean contains 
a greater proportion of saline matter than the Atlantic; and 
though tne saltness of the sea be pretty uniform at great 
depths, still, at the surface, owing to the admixture of rain^ 
river, and iceberg water, it is not quite so salt. 

31. A knowl&ige of the constitution of the ocean is ne- 
cessary to the explanation of numerous facts in geology. 
The saline constituents must influence more or less all che- 
mical changes, rock deposits, and animal and vegetable life, 
which take place in the ocean. From these constituents 
^ell-flsh and coral animals derive the matter of which shell- 
beds and coral-reefs are constructed ; and by this same 
constitution, marine animals and plants are made to assume a 
character which distinguishes them from the inhabitants of 
fresh waters. 

32. The pressure of the sea (which depends on its depth) 
also exerts an important influence, as what takes place near 
the surface would be impossible at greater depths. There, 
animal and vegetable life, as known to us, cannot exist ; sand 
and mud, which remain loose near the shore, would become 
much consolidated if subjected to this pressure ; and, accord- 
ing to the experiments of Sir James Hall, even limestone 
could be fused without the loss of its carbonic acid. Other 
results, depending upon the present constitution of the ocean, 
mi^ht be pointed out ; but enough, we trust, has been stated 
to impress the student wiUi a conviction of its geologic^ im- 
portance. 
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THE ATUOBPHEBE. 

33. The atmospherb, whkh eyerywliare sonxHincls tli» 
globe, is either of itself the immediate cause of numerous tear- 
irestrial clianges, or it is tiie medium through which they aiie 
effected. The air is a gaseous fluid, produced by the combi- 
nation of 79 parts of nitrogen with 21 of oxygen, every lOO 
such parts containing a small portion of carbonic acid and 
other extraneous impurities. It is indispensable to the life 
of plants and animals, and an alterati(m of its constitutloii 
would completely change the relations of animated nature ; 
for, while a greater proportion of carbonic acid wonld be 
highly favourable to vegetation, it would be utterly destruc- 
tive to animals. The proportion of nitrogen and oxyvmi in 
the atmosphere is at present nearly as 4 to 1 ; chaqofe tm% and 
5 of oxygen with 1 of nitrogen forms a compound (nitric acid, 
or aquafortis) so ccHToalve, that even the metals are dissolved 
by it. The air is an elastic or compressible medium ; and, 
consequently, the lower strata near the earth will be com- 
pressed by the weight of those above th^n, and thus ti^e 
air will become rarer as we ascend. From measuring the rate 
at which this rarity takes place, it has been caloEulated that at 
the height of forty-flve miles the atmosphere would become 
so rar^ as to be inappreciable. Forty-five mile& has^ therefore, 
been assumed as the limit of the atmosphere. 

34. This aSrial medium is the laboratory in which nume^ 
roue operations are ejffected. Vapours, rain% snows, cloi^ 
winds, and electricity, are among the most appai^it of 
these, and are continually influencing the earth's sur&ce; 
either mechanically, as by rains and winds; chemically, as 
by carbonic acid; electrically, as by electric^ phenomoia 
dnrinff thunder; or vitally, as in tlie support of pkorts and 
animals. So far as we can learn from human history, the 
constitution of i^ atmosphere has continued without sensible 
change; but of its primeval constitution we know nothings 
but are left to infer of its conditions &om the character of 
the plants and animals imbedded in the rocky sixata. At pre- 
sent, atmospheric agency is exerted in a theusand wayEf, and 
analogy warrants us to cimclude that such has always been 
the case ; this agency being the same in Idnd, though perhaps 
differing in degree. 

KJLinSXiBT BSATIOMS. 

35. Thb planbtabt nsLATioNa ow ths chobb 6x«t a per- 
manent, and, it may be, soifietimes a temporary and peeiuiar 
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influenoe on &e cluDiges whkh liaye been effected, or are now- 
going forward, on its surfiBice. From the sun it derives light and 
neat, those agencies so indispensable to animal and yeeetable 
existence ; on its relation to the sun and moon d^ena those 
importaot tidal influenoes already adverted to ; \mild to the 
same rehition it owes its daily and annaal revolutions, with all 
Mieir attendant results. A permanent increase or diminution 
of the sun's heat would change the whole vegetable and 
animal economy ; the approach of a comet might derange tha 
present order of the globe's rotations ; and a slight shiftiDg 
of the eiprth's aods, so as to diq>lAee tb^ present planetaiy poaU 
tions of its poles imd equator, would so alt^ the distributioK 
of plants and animals, would so derange its surface configura* 
tion, and change the distribution of land and sea, that the face 
of nature woiUd then present an entirely different picture. 
So far as history or the calculations of astronomy over a mmia 
of SOOO yean will permit us to infer, no such revolutions nfr^e 
taken place ; nor do the tidecf, the sun's heat or li^t, seem to 
have oeen in the least affbc^. But while this is true, it 
does not prevent the possibility of such changes ; and certain 
geological appearances present themselves in the earth's cru^ 
which cannot be accounted for unless by the saf^Mution of 
aiioh revolutions. 

86. The daily and annual ratatiane ef the earth, the sun's 
fight and heat, the ebb and flow of tne tides, &c. are per- 
manent occurrences, depend^t on the planetary relations of 
tl^ globe ; catastrophes, such as would arise from the contact 
of a oomet, a ehange in the position of the earth'a axis, or i^ 
ISie, woidd be temporary aski peculiar* 

aJULANATOKT MOn. 

EusvATioifS AND DnnfflSBioNs. — These sm terms applied to the 
>iiiii|pi and fUlingB-of the Borftiee of the earth— from the sliffhtest unr 
dalation to the Idgfaeat nKmntaln, and from the gentlest hollow to 
tiie giefttest depth of ooean. The greaiecrt hei^^ with which we are 
aoqnahited are those of the HismiaJeh lange in Asia, the Dhawalaglri 
Peak being 28,077 feet, and the Jewahir 25,747. The Andes, in South 
Aacvica, are the next in order, the Nevado di Sorato being 2d,2dO feet, 
aad Qfimsni 24,450. £ti Bniope, l^e Alps rise (m Mont Blanc) to 
Ifi^MS fbet, the Pyieneee to 11,283 ; and in Africa, Oeesh, in Abjssmia, 
k 15^0et, and tiie Peak of Teyde (Teneriffe) givee 12,180. As some 
parts of the dry land are above the leyel of the sea, so also some por* 
tions are beaeath--fia^ as the central regions of Asia around the Oafr 
Blast and the Aral seas, where the surflMie has been aseertained to be 
from 80 to 100 feet actually lower than the level of the ocean. But the 
gietftest d epr e ssk i mi in the solid eznst are those oecupied by the sea, 
where aotuiU soundings have reached depths of nearly a ^tottsand 
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fikthoms ; and io which other calculations have assigned a depth of no 
less than nine miles. 

Avalanches (French, lavanches, avalanges) — are accumulations of 
snow, or of snow and ice, which descend from lofty mountains, like the 
Alps, into the valleys beneath. They originate in the higher regions 
of mountains, and begm to descend when the gravity of the mass 
becomes too great for the slope on which it rests, or when fresh 
weather destroys its adherence to the surface. Avalanches are 
Xenerally distinguished as driji, rolling^ sliding, and glacier or ice ava> 
lanches. Drift are those caused by the action of the wind on the snow 
while loose and powdery; rolling, when a detached piece of snow 
begins to roll down the steep— it licks up the snow over which it passes, 
and thus acquires bulk and force as it descends ; sliding, when the 
mass looses its adherence to the surface, and descends, carrying every^ 
thing before it which is unable to resist its pressure ; and glacier or 
ice, when pieces of frozen snow and ice are loosened by the heat of 
summer, andprecipitated into the plains below. 

IcEBBRQ (German eis, ice, and berg, mountain) — ^the name given to 
the masses of ice resembling mountains, often found floating in the 
polar seas. They are sometimes formed in the sea itself by the accu- 
mulation of ice and snow ; at other times they seem to be glacier* 
which have been piling up on a precipitous shore, till broken off and 
launched into the ocean by their own weight. Masses of this kind have 
been found in Baffin's Bay two miles long and half a mile in breadth, 
rising from 40 to 200 feet above the water, and loaded with beds of 
earth, gravel, and rocks. Some idea of the size of these icebergs may 
be formed from the fact, that the mass of ice below the level of the 
water is about eight times greater than that above. As they float to- 
wards warmer regions, they gradually dissolve, dropping their burden 
of rock debris, and thus strewing the bottom of the ocean with clay, 
gravel, and boulder stones, some of which are many tons in weight. 

Proportion of land and sea. — ^The proportion of land to sea is, 
accurately, as 266 to 734. If, therefore, the whole superficies of the 
globe be taken at 196,816,658 square miles, it follows that the dry land 
occupies 52,353,231 square miles, and the ocean an area of 144,463,427 
square miles. 

Pressure op the atmosphere. — ^If the density of air at the surfS&ce 
of the earth be represented by one, at seven miles above the earth it 
will be l-4th, at fourteen miles l-16th, at twenty-one miles it will be 
l-64th, and so on. This property of air would lead to the idea of an 
indefinite extension of the atmosphere, but there is evidently an ap- 
preciable limit to this ; and hence, by calculations relative to the pro- 
gress of the sun's light, and other astronomical phenomena, forty-five 
miles has been fixed as the altitude of the atmosphere. Air is pon- 
derable — 100 cubic inches at the temperature of 60 degrees weigh- 
ing 30^ grains. A perpendicular column of the whole atmosphere i» 
balanced by one of mercury rising to 30 inches ; hence the atmo- 
sphere presses on every cubic inch of surface with a weight equal to 16 
pounds. 

Pressure op the ocean. — ^Water being slightly compressible, it 
follows, as in the atmosphere, that water at great depths in the ocean 
will be denser than at the surface. According to calculations by 
Oersted, water at the depth of 1000 feet is compressed l-340th part ^ 
its own bulk. 
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CAUSES MODIFYING THE STRUCTURE AND CONDITIONS 
OP THE GLOBE. 

37. Had the general structure and conditions of the globe, 
as described in the foregoing section, been subjected to no 
modifying causes, they would have remained unchanged from 
the beginning of time, and the earth would have presented 
now the same appearance as at any former period. But these 
very conditions are themselves the causes of change, for they 
mutually act upon each other, and give rise to innumerable 
agents which have continued through all time to modify the 
face of nature. Thus, for example, the planetary relations of 
the earth enable it to derive heat from the sun ; this heat 
vaporises the water of the ocean, the vapour produces rains, 
these rains form springs and rivers, the rivers wear down the 
land, and thus change the surface configuration ; the matter 
borne down by the rivers forms new land along the sea-shore, 
altering the distribution of land and water; and this distri- 
bution of land and water materially aflFects the kind and dis- 
tribution of plants and animals. This is a simple instance of 
the changes produced by the action and reaction which takes 
place among the general conditions of the globe; and the 
student would do well, at this stage of his progress, to fami- 
liarise himself with such trains of cause and effect, as it ia 
only by the ready application of similar reasoning that he will 
be able to comprenend many of the phenomena hereafter 
described. 

38. The modifying causes produced by the mutual influence 
of the general conditions already considered are exceedingly 
numerous and varied. At present, it is necessary to notice 
only such as seem to account for the principal facts connected 
with the solid materials which form the crust of the globe, 
and the order and manner of their arrangement. These 
causes, or agents, may be divided into four great classes ; 
namely. Atmospheric, Aqueous, Igneous, and Organic ; and 
their modes of action may be either mechanical, chemical, 
electrical, or vital, 

ATMOSPHERIC AGENaES. 

39. Atmospheric agents act either mechanically or che- 
mically : the action of wind in drifting loose sand is mecha- 
nical, the action of the air in weathering the surface of rocka 
18 chemical. The atmosphere may either act directly, as in 
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the case of winds, or indirectly, as in the production of waves, 
the efiFects of which on the sea-coast are often destructive 
and extensive. The changes produced on the earth's crust by 
atmospheric agency are sometimes slow and gradual, such as 
in tiie crumblmg down of rocks; or immediate, as in the up- 
looting of forests by tempests, and the covering of green vu- 
leys by barren sandrdrift. The air, or atmospnere, is one of 
the mosk important elem^its^ and is more or less connected 
viiih every operation in nature. By it the sun's light and heat 
are equally diffused; it is indispensable to ihe existence of 
plants and animals ; and it is the great laboratory in which 
the waters of the ocean are purified and distributed over the 
fEice of the globe. These may be said to be universal functions 
of the atmo^here. It also acts peculiarly, and over limited 
extent, as in Uie production of winds, test, heat, electricity, 
and gaseous admixtures. 

40. Winds are aerial currents. When the air of one r^on 
becomes heated or rarefied, the colder and heavier air of the 
surrounding regions rashes in to restore the balance, and thus 
atmospheric currents are produced. These currents are ex>- 
tremely unstable^ blowing without regard to time or direction, 
and modified and obstructed in a tnousand ways by hills, 
valleys, and oiheat surfiuse irregularities. They are equally 
unstable in their velocity, varying from the gentlest breeze 
to the fiercest hurricane which overturns cities and uproots 
forests. But though diaracterised by these irregularities over 
the greater portion of the globs, there are regions over which 
they pass with wonderful steadiness for montmi together. The 
toiiae-winds which take place within the tropics possess this 
eharacter, and blow &om east to west with Lttle variation of 
direction or force. The monsoons, which are connected with 
tiie trade- winds^ are also pretty regular ; and in most oonn* 
tries an east, a south, or a west wind, is found to prevail over 
other directions, and that at particular periods of the year. 
Of the phenomena of winds in the earlier eras of the worid 
we have no knowledge ; but we are warranted to concludeu 
that since the elevation of dry land, and the distribution of land 
and water, they have been analogous to what is now in daily 
occurrence. 

41. Wind acts on all loose material, bearing it from ex- 
posed to sheltered places. Sand, gravel, and loose shells are 
most frequently shifted by its force, and blown into hillocks^ 
or scooped out into houows, without order or regularity. 
AH those extensive tracts of sand found along the sea-coast-^ 
known in Scotland as linksy and as downs in England — owe 
their surfiu^ formation to wind. The sand collected in bays 
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and creeks by the waves and tides of the oeeen, is no sooner 
left dry by the tide, and exposed to the son, than it becomes 
l^t, and easily acted upon by the wind, which raises it into 
ImoUs said ridges beyond the u^uenee of the returning tide. 
By and by a scanty herbage e^i^rs over the sand, and thus, 
in course of ages, extensive downs are formed. In a shnilar 
manner the wind acts upon the sandy deserts of Arabia and 
Egypt, continually shiftmg their sur&ce; and if it sets in 
from any prevailing direction, these sands are carried forward, 
year after year, burying trees, fields, and villag^ and thus 
converting fertile districts into barren wastes. When a river 
enters the sea through a sandy district, it has a tendency fre- 
qu^itly to shift its channel ; and this tendency is greatly 
increased by winds damming up the current with drifted 
sand. Volcanoes occasionally dischaage showers of dust and 
ashes, which, during high winds, are carried over many 
leagues of surface, or borne out to the ocean. Durine calm 
weather volcanic dust and ashes would fall in the nei^bour- 
hood of the crater ; during high winds they may be deposited 
at vast distances from their original sources. Such examples 
as the above are the ordinary actions of wind : the uprooting 
of forests, the destruction of cities, and the like, are extraordi- 
nary, and are caused by whiriwinds and hurricanes. 

42. Frost espercises a stow but permanent influence in modi- 
fying the sur&ce configuration of the globe. When the heat 
of uie surrounding atmoq>here falls below 32 degrees of 
the thermometer, water b^^ins to fireeze, and in this state 
^[pands. During winter or moi^ weather, water enters be- 
tween the particles of all rocky matter at the surfEtce of the 
^orth, and also mto the larger fissures ; and the expansion of 
this water by frost separate these particles, and leaves them 
lo &U asunder when the ice is dissolved. This takes place 
more or less every winter; and there is not a cBfFor hill side 
but bears evidence of this kind of action. The efiects of frost 
hi crumbling down rocky material has been long observed : 
the farmer takes advimtage of it to pulverise his soil ; and in 
some districts slate and flagstone are split into thin lamins by 
being exposed to the frost. 

43. Of the amount of change produced hy frosty it would 
be difficult to form an estimate ; but, taking it over a lapse 
<^ ages, there can be little doubt that it has been an impor- 
tant agent. In mountain regions, such as the Ah)s, its effects 
are strikingly apparent in the formation of avalanches ; and 
in northern latitudes the icebei]^ is one of its familiar pro- 
ductions. The action of frost m crumbling down a rocky 
sarfiEMie seems slow and insignificant^ but when we look 
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upon the avalanche carrying rocks, gravel, trees, and houses 
before it, and burying them in one common ruin ; when 
we look upon the iceberg laden with huge stones, and 
dropping them into the ocean as it dissolves, we are more 
impressed with its importance, and are enabled to account 
for certain geological appearances which no other agency 
could have produced. ( See note, pa^e 24. ) 

44. Solar heat and light may, without much impropriety, 
be classed as atmospheric agents, as the atmosphere is the 
medium through which they act, and by which they are 
modified. Water conducts heat faster than air, and air, at 
the surface of the earth, faster than highly rarefied air at 
great heights ; hence different conditions of the atmosphere 
may have hitherto conducted more heat to the earth's sur- 
face. The quantity of light which reaches the earth depends 
upon the serenity of the atmosphere, and the height of the 
sun above the horizon ; hence, also, a different condition of 
atmosphere would produce a different amount of, light. 

45. Heat and light are indispensable to vegetable and ani- 
mai ejcistence; and the kind and number of plants and 
animals depend, in a great measure, upon the degree and uni- 
formity of their influence. Heat converts water into vapour, 
and vapour forms dews, rains, &c. The amount of vapour, 
and consequently the amount of rain, will depend upon the 
degree of heat ; and hence the heavy periodical rains of the 
tropics. A higher degree of heat sSl over the earth would 
greatly increase the amount of rains, these rains would form 
more gigantic rivers, and geological effects of corresponding 
magnitude would follow. 

46. Of the amount of solar heat received by the earth at any 
former period, we are left to infer from the kind of plants 
and animals which are found imbedded in the rocky strata ; 
a scantiness and peculiar character of these remains indicat- 
ing a temperature analogous to that of the polar regions, 
and numerical amount and external form indicating a climate 
similar to that of the tropics. 

47. Electricity is also ranked among atmospheric agents, 
though electric, galvanic, and magnetic influences may be 
going on in the crust of the globe totally independent of the 
atmosphere. The effects of these subtle forces are not easily 
calculated ; and what connexion they may have with earth- 
quakes, with the formation of metallic veins, and similar 
phenomena, geology has not been able to determine. We 
know that the hardest and most untractable substances in 
nature can be artificially dissolved and reconstructed by the 
aid of electricity; this force sometimes acting slowly and 
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insensibly, and other times with rapidity and violence. We 
ipiow, afio, that what the chemist has not been able to effect 
W the most powerful charges of electricity, has been accom- 
plished by the slow and almost insensible effects of the same 
agent. What takes place in the laboratory of the chemist 
3paay be daily occurring in nature. We occasionally perceive 
the violent effects of electricity during a thunder-storm ; but 
these may be trifling in comparison with what is hourly, but 
insensibly, taking place among the materials which compose 
the crust of the earth. We often hear of the disasters of a 
tropical thunder-storm, where the electric fluid demolishes 
houses, rends trees, sets fire to forests, or shivers rocks ; but 
these consequences, though startling, produce no extensive 
terrestrial changes ; so that it is to the slow and unseen agency 
of this power in producing peculiar transformations of metallic 
and other matter, that its importance in geological reasoning 
is mainly to be ascribed. 

48. The gaseous coristitution of the atmosphere acts chemi- 
cally, not mechanically. In its ordinary state, as we have 
already seen, every 100 parts are composed of 79 nitrogen 
and 21 oxygen, with a small proportion of carbonic acid, 
amounting to little more than one part in a thousand. This 
constitution is essential to animal and vegetable life; hence 
the student can readily conceive how any extensive alte- 
ration of this mixture would operate. Carbonic acid gas is 
given off by some springs, by volcanic fissures, and by simi- 
lar sources both in the sea and on dry land. This gas is 
destructive to life ; and consequently shoals of fishes, or herds 
of animals, coming in contact with any extensive exhalation 
of it, would be instantly suffocated. Other caseous fumes are 
also destructive to life ; and bearing these racts in mind, we 
may be enabled to account for peculiar accumulations of 
animal remains in certain situations in the rocky strata. 

49. Rocks exposed to the atmosphere absorb air and mois- 
ture, and the action of this air and moisture weathers, or dis- 
solves the union of the outer particles. These outer particles 
fall off by the force of gravity ; another set of particles are 
exposed to the same wasting influence ; and thus, year after 
year, every rock and mountain is losing more or less of its 
material. 

50. Oxygen and carbonic acid are the principal agents in 
this operation. All metallic substances are acted on by oxy- 
gen ; it tarnishes their surface, gradually eats into their mass, 
and in time converts them into a loose powdery substance. 
Iron affords a familiar illustration of this fact : however well 
polished, if exposed to air and damp, it begins to rusty film 
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after filHi, till tke whcie m in tisro conTerted into a re^- 
dbAi powder, called nist^ or oxide of iron. AH the igneous 
rocks, imd most of the aqneous, contain iron disseminated 
in minute particles through their mass, and are therefore 
liable to be acted upon by oxygen. It is this oxide of iron 
which giyes the reddish cohmr to many rocks and mi- 
neral wttfceiiB. 

51. The fbrmation of many wUs is owing te this puher^ 
isina power of the atmosphere; and as thdr loose matter is 
waabeid down by rains and rivers, a new supphi" Is formed 
by further disinte^^cation of the rocks beneath. We have no 
means of ascertainmg the amount of change produced by the 
chemical constttution of the atmosphere ; but thk we Imow, 
that it must have exerted itself through all time most power- 
fully in wmm damp climates, and least where the air was 
clear and arid. S(m clays and shales are easily weathered 
down ; so, also, are aU kinds of volcanic rocks ; smd even 
granite has been known to be pulverised to the depth of 
three inches in six years. 

52. The atmospheric agents tMefly instrumental in modify^ 
ing the crust of the globe, all, more or less, exert a degrad- 
ing or wasting influence ; that is, a tenden<r;r to wear down 
the surface to a lower level. Wind occasionally presents an 
exception to this statement, and tends to raise th^ surface ; as 
in the formation of downs and sand-hills of considerable ele- 
vation, like those of Barry at the mouth of the Tay. Atmo- 
spheric forces act either mechanically, chemically, or vitally- ; 
are universal in their operations, with perhi^ the exception 
of frost in the tropics ; and must have exercised an important 
influence sm the geological conditions of the earth from the 
beginning of time. 



EXFLANATOBT NOTE. 

AmosPHxaic, Aofcxons, Ionbov^ and Oroanic— The student tboidd 
make himBelf per£eotly familiar with the applioation of these teims. 
Wind, for example, is a purely atmospherie agent ; springs, rivers, and 
waves, are aqueous agents ; volcanoes are igneous agents, and, geologi- 
eatty speaking, the term is chiefly applied to forces or results depending 
upon the internal heat of the earth ; and organic agents are such as 
arise from animal or vegetable life. Organic (Greek, organonf an instror 
ment or machine) is apodied to vegetaUe or animal strootnres, as being 
made up of parts nioefy adapted to each other. All matter resultmig 
from the growth or decay of plants and animals is slid to be organic 

Mechanical, Chemical, Electrical, and Vital. — ^A piece of ehalk 
may be brayed to powder by pounding it in a mortar ; it may also be 
reduced to powder by dissolving it in sulf^urio acid ; in the former in- 
stance the action is meckamoaL m the latter ekenUeal, In whatever 
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maaner ^eotxidty acts, the aetion is Mid to be elkekiail; tkeieooa- 
version of blue vitriol (sulphate of copper) into metallio eopper, j» is 
done in electrotyping, is an example of this kind of action. Vital is 
applied to any sort of action depending on life, whether in animals or 
T^etables. 

Winds. — Bemdefl i&e frgde^wrnds, blowing wif^oi the 25th degree 
of latitude on mther side the equator, there are Hie numaoons, which are 
merely the trade-winds diverted north or south by the land that lies , 
within these parallels ; the smoom^ a burning pestilential blast, which 
rushes with mry over the sandy deserts of Arabia ; the harmoMaaiy a 
eold dry wind, frequent in Africa and in Eastern countries ; the 
Mracso, a hot, moist, and relaxing wind, which visits Italy from the 
opposite shores of the Mediterranean ; the hbie, a eold frosty wind, 
which descends from snow-oovered moontMns, wamAi as tiie Alps ; and 
whirlwinds and tornados, that are common to all coontries, but most 
destructive in warm regions. 

Freezing. — ^Water, at the temperature of 40 degrees, may be said to 
be stationary as to buK ; but if the temperature be reduced, it be^ns 
to expand, tyi, at ^ desrees, it freezes, and is converted into solid ice, 
in which state it is .l-£4th larger than its original vt^imcb On the 
other hand, if the temperature be increased, the water is gradualiy 
converted into vapour, till, at 212 degrees, it boils, and. is sapidly ex- 
panded into steton, in which state it is 1700 tunes its ori^pual bulk. 
Steam can be still farther expanded, till almost no known force is 
able to resist it 

PuLVBBisE (Lat., puhus, dost)— to reduce to dust or powder. SoH, 
which is reduced to small partidbes by the aetion of .frost, is said to be 
pulverised. So also of rocks. 

DisiNTEGBATE (Lat., cUs, asundcT, mte^, whole) — to break asunder 
any whole or solid matter. The disinteffraUon of rocks is caused by the 
alow aetion of the atmosphere or by frosts, &o. 

DEGiUDnra, Dbs&jlbatiov (Lat., de, down, gradra, a step) — ^to take 
down from one level to another. The degcadation of hills and clifiis is 
caused by rains and rivess ; hence water is said to degcade, or to exer- 
cise a degrading influence on the land. Degradation and elevai^m of 
land are opposite terms. 

Denudation (Lat., dermdo, I lay bare) — a term sometimes em- 
ployed as synonymous with degradation, but inaccurately so. For 
example, disimi^iraiioH strictly applies to that action by which the 
materials of sohd rooks are loosened or separated fi»m each other ; 
degradation to the carrying of these materials from a hi^er to a lower 
level ; and denudation to the removal of superficial matter by water, so 
as to lay bare ihe inferior strata. 

53. Aqubous aobnts, or those arising from the power 
and htee of water, are perhaps not so universal or so 
complex in their operations as atmospheric ; but they are 
more powerful, and consequently exert a more obvious in- 
fluence in modifying the crust of the globe. Their mode of 
action is either mechanical or chen»cal : mechanical, as 
when a river wears away its banks, and carries the material 
to the sea; and chemical, when, from gaseoua admixture. 
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water is enabled to dissolve certain rocks and metals. The 
action of water is sometimes slow and gradual, as in the wear- 
ing down of rocks by rain ; or rapid and violent, as in the 
case of river-floods and sea-storms. The effects of rain upon 
a cliff may not amount to one inch in a hundred years, while 
hundreds of acres of alluvial land may be swept to the ocean 
by one river-flood. Water operates variously : sometimes by 
itself, as in rivers ; sometimes in imion with the atmosphere, 
as during land and sea-storms. Its power as a geological agent 
is most obvious in the case of rams, springs, rivers, lakes, 
waves, currents, and tides ; and the results of these agents are 
distinguished as meteoriCyfluviatiky lacustrine, or oceanic. 

54. Rainy hail, snow, and all atmospheric vapours, exercise 
a degrading influence on the earth's surface. By entering 
the pores and fissures of rocks, they soften and gradually dis- 
solve their surface, and thus materially assist &e operations 
of frosts, winds, &c. Rain, accompanied by high winds, acts 
with greater force ; snow, from accumulating during frosty 
and suddenly dissolving during fresh weather, sometimes 
occasions violent floods and inundations. Floods arising from 
the melting of snow are generally very destructive, for, during 
the season when they occur, the surface is soft and loose, and 
much more liable to be carried away. Rain and other vapours 
are indispensable to the growth of vegetables, and when 
accompanied with sufficient warmth, a luxuriant and gigantic 
vegetation, like that of the tropics, is the result. The amount 
of rain which falls on the earth's surface is exceedingly varied, 
xanging from 20 or 80 inches to several feet per annum. In 
tropical regions, rains are periodical ; that is, fall for weeks 
together at certain seasons. This gives rise to inundations ; 
hence the peculiar phenomena attending the floodings of such 
rivers as the Nile, Ganges, &c. 

65. Of the quantity of rain which fell during past periods of 
the world we have no positive knowledge ; but if we are able 
to discover evidence of a higher temperature, we are war- 
Tanted in concluding that the quantity of rain was much 
greater. A greater fall of rain would produce larger rivers, 
and larger rivers would carry down a greater quantity of silt 
and debris ; this would form more extensive plains and del- 
tas ; and these, again, would sustain a more gigantic race 
of plants and animals. From this example, the student will 
readily perceive the connection and influence of these allied 
causes. Rain water generally contains carbonic acid, ammo- 
nia, and other substances ; and, consequently, acts chemically 
£a well as meclianically. 

56. Springs are discharges of water from the crust of the^ 
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^arth either by rents, fissures, or other openings in the sur- 
face. The water which falls in rain, snow, &c. partly runs 
off, and partly sinks into the crust, where it collects in vast 
quantities, and ultimately finds its way again to the surface 
by springs. Springs issuing from strata at great depths are 
said to be deep-seated ; those from clay or gravel are shallow. 
Some only flow during or shortly after rams, and are said to 
be temporary; some flow always, and are pei'ennial; while 
others flow and ebb, and are said to be intermittent, 

57. The characters in which geologists fiave principally to 
aonsider springs are cold, thermal, and mineral. Cold springs 
have a mechanical action when they cut out channels for 
themselves ; and they act chemically when, for example^ 
they contain carbonic acid, and dissolve portions of the 
rocks through which they pass. All petrifying springs — ^that 
is, such as convert wood and bones into stony matter — act 
-chemically. Thermal, or hot springs, occur in numerous 
parts of the world (England, Iceland, Germany, Switzer- 
land, Italy, Hindostan, «c.), and also act mechanically and 
chemically, but with much greater chemical forc6 than 
cold springs. Mineral springs may be either cold or hot, 
4ind take their name from the circumstance of their waters 
holding some mineral or earthy substance in solution. 

58. Mineral springs, geologically speaking, are by far the 
most important, as, from their composition, they indicate the 
kind of rocks through which they pass, while they more or 
less influence all deposits or waters into which they flow. 
Thus, some contain iron, and are said to be ferruginous, or 
chalybeate ; some copper (cupriferous), some lime (calca- 
reous), some salt (saline), while others give off^ sulphureous 
Yapoura ; and so on with almost every known mineral. .Those 
issuing from strata containing iron or lime are more or less 
impregnated with these substances; and when they arrive 
at the surface of the earth; and their waters become exposed 
to the air, the ferruginous or limy matter is deposited along 
their courses, or is carried down to the nearest river or lake. 
If layers of mud, sand, or gravel be forming in such a lake, 
these layers will be impregnated with the matter of the 
springs ; hence geologists speak of ferruginous, calcareous, 
or saliferous strata. Mineral springs may therefore be said to 
«xert a twofold influence: first, by dissolving and carrying 
away matter from the strata beneath ; and, second, by adding 
that matter to the strata which are now being formed on the 
mirface. The student will thus perceive the manner in which 
springs act in mo'difying the crust of the earth ; and in pro- 
f»6rtion to their size, the softness of the strata through which 

c 
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they passed, and the degree of heat they had acquired^ so must 
the exteot of their influence have heen at any former period. 

59. Rivers are the most important aqueous agents employed 
in modifying the suiface of the globe. Springs, as they issue 
into open day, naturally seek a lower level ; and numbers 
ic^ them meeting in one channel, form streams, which again 
join in some still lower valley, where their union produces 
rivers of various sizes. I^ivers may be said to be a species 
of natural drainage, by which the supenUmndant moisture 
which falls on the land is again returned to the sea. Tliey 
are of all dimensions ; in breadth from a few feet to several 
miles, so shallow that a boy m%ht wade them, or so deep 
as to float the lai^gest ships, and ranging in length of course 
from fifty or sixty miles to 83 many hundreds. 

60. The geological action of rivers is twofold; first, by 
wearing down the land througn which they pass, and then by 
cairrying down the material to lakes and seas. Both their 
degrading and transporting force depends upon their velocity. 
For example, it has been calculated that a force of 3 inches 
per second will tear up fine clay, 6 inches will lift fine sand^ 
8 inches sand as coarse as linseed, and 12 inches fine gravel ; 
while it requires a velocity of 24 inches per second to roll 
along rounded pebbles an inch in diameter, and 3G inches per 
second to sweep angular stones of the size of a hen's egg. 
Rivers, during floods, often acquire a much greater velocity 
than this, and stones of considerable weight are then borne 
down by their currents. The degrading power of running- 
water depends also upon the kind of material through which 
it flows ; loose soil, clay, and sandstone being easily worn 
down, while granite or basalt will sufier little loss for c&[i' 
turies. The mere flowing of pure wat^ would exert lUtle 
influence on hard rocks ; but all rivers carry down sand and 
gravel ; and these, by rubbing and striking against the sides 
and bottoms of the channel^ assist in scooping out those 
channels which everywhere present themselves. The Ner- 
buddah, a river of India, has scooped out a clmnnel in basaltic 
rock 100 feet deep. Messrs Sedgwick and Mui*chison give an 
account of gorges scooped out in beds of the rock called con- 

flomerate, in the valleys of the Eastern Alps, 600 or 700 feet 
eep. A stream of lava, which was vomited from JStna in 
1603, happened to flow across the channel of the river Simeto. 
Smce t]iat time the stream has cut a passage through the 
compact rock to the depth of between 40 and 60 feet, and to 
the breadth of between 50 and several hundred feet. The 
cataract of Niagara, in North America, has receded neariy 
^0 yards during the last forty years. Below the FaUs, tbe 
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riyer flows in a channel upwards of 150 feet deep and 10^ 
vards wide, for a distance of seven miles ; and this channd 
has evidently been produced by the action of the river. Such 
effects as the above are produced by the general or ordinary 
action of water ; but when rivers are swollen by heavy rains^ 
by the sudden melting of snow, and the like, then they act 
with extraordinary violence. In these cases they overflow 
their banks, rush with a velocity of 20 or 30 feet per second, 
tear, up the soil, and sweep before them trees, animals, houses, 
and bridges. The water of all rivers which exert a degrad- 
ing influence is more or less turbid, and an idea of their 
power may be formed by observing this fact. 

61. The matter which rivers carry down is either deposited 
along their banks, in lakes, or in the ocean. If they flow 
sluggishly along a flat valley, the mud and sand which their 
waters contain mdually iiuls to the bottom, and there rests 
as sediment. This sedimentary matter forms what is called 
alluvial land, and most of the flat and fertile valleys in the 
world have been so produced. Again, when a lake occurs in 
the course of rivers, the sediment is there collected, and the 
water issues from the lake as if it had been filtered. In pro- 
gress of time, lakes are filled or silted up with this sediment, 
and their basins appear first as marshes, and latterly as al- 
luvial land. But whatever quantity of matter may be depo- 
sited in valleys or lakes, the greatest amount will always be 
carried down to the ocean, and deposited at the mouth of the 
river or along the shores. The heaviest material, such as 
gravel, will fall down first, then the lighter sand, and ulti- 
mately the finest mud. The mud of the Ganges discolours 
the a&y of Bengal to a distance of 60 miles from its mouth ; 
and according to Captain Sabine, the muddy Avaters of the 
Amazon may be distinguished 300 miles from the shore. 

62. The consequence ef 
^is continual seawards 
carriage of sedimentary 
matter is, that at the 
mouths of most riven 
there are alluvial forma- 
tions, kno^ni by the name 
o( deltas; such as those 
of the Nile, the Gaofiies, 
the Niger, &c. They 
take their name from 
their resemblance in 
shape to the Greek let- 
ter ▲ (delta); and &e- 
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quently extend over vast surfaces — ^that of the Ganges being 
iU)out 200 miles in one direction by 220 in another* They 
consist of alternate layers of sand, gravel, or mud, according 
to the kind of material the river carries down. The foregoing 
cut represents the Delta of the Nile, which is generally re- 
garded as the type of all similar deposits. 

63. The geological remits effected by the agency of run* 
fling water are ceaseless and universal. Rivers are gradur 
ally wearing dowTi the hills and higher lands, and as gra». 
dually silting up lakes and low tracts of valley land. They 
lay down beds of gravel, sand, or mud ; and these beds, 
again, enclose trees, plants, the bones and shells of animals, 
in greater or less abundance. As rivers now act, so mast 
they have always acted, and to this kind of agency must 
we ascribe the formation of many of the rocks (with 
their fossils) which now form the crust of the earth both 
at great depths and at distances now far removed from the 
sea. We nave no actual knowledge of the rivers of the 
ancient world ; but, judging from the extent of sedimentary 
rocks, they must have been much more gigantic than most 
of those now existing. 

64. WaveSy currents, and tides, are also powerful geological 
agents. Waves are continually in action; and according to, 
their violence, and the materials composing the sea-coast, so 
is the amount of change produced. Cliffs of sandstone, 
chalk, clay, or other sott rock, are, year after year, under- 
mined by their force; masses fall down, are soon ground 
to pieces, and swept oflf by every tide ; new underminings 
take place, new masses fall down, and thus thousands of 
acr^s of land have been reduced to a level with the sea. 
What the waves batter down, the tides and currents transport 
to sheltered bays and creeks along the shore ; so that, wliile 
in one quarter the sea is making encroachments on the land, 
in another it is accumulating sand and gravel to form new 
land. The power of waves and currents \b much increased by 
the fact, that rocks are more easily moved in water, and thus 
gravel beaches a}*e piled up or swept away with apparent 
facility. The ordinary action of the sea is small, however, 
compared with what is sometimes accomplished during storms 
and high inundations ; and those who have witnessed the 
effects of a few successive tides at such periods, will readily 
form an estimate of what may be accomplished during the 
lapse of ages. 

65. ' The action of waves, currents, and tides, is varied and- 
compUcated; but it may be stated generally, that waves battec 
down the sea-cliffs, or raise up loose matter from the bottom ; 
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that tidal currents convey the disintegrated matter to more 
sheltered bays and creeks ; and that oceanic currents convey 
floating mateiial, such as drift-wood, plants, and dead animals, 
from one part of the ocean to another. Tides rise and ebb 
from 4 to 40 feet ; they enter into certain rivers for many 
miles ; and thus a mingling of fresh water and marine deposits 
take place. As at present, so in ages past ; and by diligently 
studying the effects produced by waves and tides, the student 
will be enabled to account for many appearances which the 
sedimentary rocks present. 

EXPLANATOBT NOTE. 

•The action of water is said to be meteoric when it acts throngh 
the atmosphere ; fiwoiatile (Jluviusy a riverj when it acts by runninK 
streams or rivers ; lacustrine (locus, a lake), by pools or lakes ; and 
oceanic, when by the ocean. 

Silt. — Mud or sand carried down by any river, and deposited either 
alone its banks or in lakes,- is called silt ; and when a lake becomes 
filled with this matter, it is said to be siUed up. Silt is generally ap- 
plied to matter calmly or slowly deposited. 

Debris ^French) — a term applied to the loose material arising from 
the disintegration of rocks. 

Alluvial (Lat., luere, to wash, and ad, together). Land washed or 
brought together by the action of water is said to be alluvial. Most 
of the straths and carses in Scotland, and the dales in England, are 
alluvial ; as are also the deltas of all such rivers as the Nile, Ganges, 
Niger, Mississippi, &o. 

Sediment (Lat., sedere, to sit or settle down) — ^matter settled down 
from solution in water. If water containing mud be allowed to stand 
without agitation, the mud will gradually fall to the bottom, and be- 
come sediment. Rocks which have been deposited after this manner, 
such as sandstone, are said to be sedimentary. 

Deposit (Lat., de, down, and positus, placed) — applied to matter 
which has settled down from water. Mud, sand, gravel, &c. are all de- 
posits, and are distinguished by the kind of agency which produced 
them ; such as fluviatile (river) deposits, lacustrine (lake) deposits, 
marine (sea) deposits, and littoral (sea-shore) deposits. 

igneous agencies. 

66. Atmospheric and aqueous agencies may be said to exert 
themselves similarly in modifying the crust of the globe. Both 
have a tendency to weaif down the dry land ; and if this influ* 
ence went on year after year, without any counteracting force, 
a time might arrive when hills and plains would be reduced to 
one uniform level. But the system of nature is beautifully 
balanced in all its parts, and as one set of agents degrade^ 
another are employed to elevate. Thus the layers of loose 
material which are at one time spread out in the bottom of 
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lakes and seas, is at another raised into open day, to form new 
lands for the support of vegetable and animal existence. The 
fvincipal i^ent employed in this elevating process is the 
iffneotMy or that which depends upon some deep-seated source 
of fire. Hereafter we shall notice the opinions which have 
been advanced concerning the origin of subterranean fire ; at 
present we hare merely to do with its sensible effects. 

67. Igneous ageney may exert itself either chemicaUy er 
imchanically ; chemically, as in the production of new com- 
pounds, gaseous admixtures, &c. ; mechanically, as when it 
elevates and fractures the solid crust of the earth. Its mode 
of action may be considered under three heads ; namely, 
Volcanoes, Earthquakes, and Gradually Elevating Forces. 

08. Volcanoes may be described as vents of subterraneous 
fire, through which smoke, gaseous vapours, cinders, ashes, 
stones, and rocky matter in a state of fusion, are discharged. 
The explosive or expansive force of the internal fire forma a 
vent for itself in tlie first instance ; this opening is termed 
the crateTy and th« matter discharged, gradually collecting 
around it, produces a mountain of a towering or conical form, 
like that described by the following figure. 



View of Mount iEtna. 



69. iSTttdi is (he general appearance of isolated volcanoes; hut 
fliey frequently occur in ranges, producing, by the union of 
their forces, elevated mountain chains like tnose of South 
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America. In ihese ranges, same of the vents are in aetire 
operation, a^d others have become dormant ; so that we are 
insensibly led from the crater vomiting forth smoke and lava 
te those now cold and dormant, and thence again back to dis- 
tant eras when all mountain chains were produced by the same 
kmd of forces. Indeed no one can look upon the mere out- 
ward appearance of -^tna and Vesuvius on the one hand, the 
Alps, tne hills of central France, and the hills of the Scottish 
Lowlands on the other, without at once assigning their origin 
to similar causes. 

70. Volcanic forces not only elevate but fracture and con- 
tort the originally plane strata, at the same time that they 
throw up rocky matter which is not arranged in distinct 
layers. It has been already stated that water has a ten- 
dency to lay down the material which it tran^oits in 
fiat or level strata; hence the sedimentary rocKS will 
originally partake of this level character. Suppose, then, 
that the following engraving represents a part of the earth's 
croBt not brok^ ct upheaved by volcanic forces, the same 




portion will present a very different appearance when frac- 
tured and elevated by these causes. Here the sedimentary 
strata axe not only thrown out of their original level position. 




but are bent, broken asunder, and in some places overlaid by 
discharges of volcanic matter ; hence a very obvious distinc- 
tion exists between rocks of aqueous and rocks of igneous 
origin. 

71. A volcano may at one time discharge asheSy at another 
time rock frs^ments, and at a third molten lava; and it is true 
that these different materials may be found on its sides ar- 
ranged in something like strata; but they do not present this 
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regularity for any distance. Sedimentary strata, on tfee other 
hand, preserve their character and continuity over many miles* 
of country, showing a ^^alm and tranquil origin in compari- 
son with those masses produced hy volcanic fusion. Othei 
distinctions hetween aqueous and igneous rocks will hereafter 
be pointed put to the student; hut at present he cannot fJEul 
to perceive that sand, clay, mud, and other matter deposited 
from water, must be more equally and flatly laid down than 
cinders, ashes, and lava, which are vomited forth without 
order or arrangement. 

72. There are at present upwards of two hundred volcanoi9 
in active operation. The greater number of these are to be 
found in the mountain ranges of South America, along the 
western coast of North America, and in the Southern Pacific. 
In central Asia there are also several vents ; and ^tna, Vesu- 
vius, and Hecla, are well-known examples in Europe. The 
number of active volcanoes is nothing, however, in comparisoni • 
with what once existed ; for there is scarcely a country (Italy> 
France, Britain, West India Islands, the Azores, Iceland, &c.y 
that does not give evidence of innumerable volcanic craters 
which have long since ceased to modify the crust of the globe. 
Even these dormant vents are insignificant in comparison with 
the still older mountain ranges of the Grampians, Pyrenees, 
Uralian, Himmaleh, Andes, and other chains which must have 
been upheaved by the same subterranean forces. 

73. Of the elevating power of volcanoes we have many ex- 
amples within the historical period, and comparing active 
volcanic hills with ancient ranges, we may arrive at some 
idea of the enormous power exerted by igneous forces iu 
the earlier ages of the world. During an eruption of -^tna, 
a space around the mountain, 150 miles in circumference, 
was covered with a layer of sand and ashes, generally 
about 12 feet thick. In the first century, the cities of.He^-, 
culaneum and Pompeii were buried beneath such a layer 
of matter by Vesuvius. In 1660, the philosopher Kircher, 
after accurately examining -^tna, and the ground adjoining 
its base, calculated that the whole matter thrown out by 
it at its various active periods would form a mass twenty 
times as large as the mountain itself, which is 10,870 feet 
high, and 30 miles in diameter at the base. From this 
mountain, in 1775, there issued a stream of lava a mile and 
a-half in breadth, 12 miles long, and 200 feet thick. At an 
earlier period, there was a stream which covered 84 square 
miles. In 1538, a large hill, since named Monte Nuovo, waa 
thrown up in the neighbourhood of Naples in one night ; apd 
in 1759, in a district of Mexico, previously covered by planter 
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tt^s, a sudden outburst of volcanic action, which lasted several 
months, terminated in leaving six hills, varying fi-om 300 to 
1600 feet in height above the old plain. As on land, so also 
in the ocean ; and the student will hereafter iind that many 
volcanoes have been known to arise from the sea, that the 
bottom of the sea has been upheaved by the same influence, 
and that many islands, such as those of the Pacific and Atlan- 
tic, are mere accumulations of volcanic matter. " Owhyhee," 
says De la Beche, "is a magnificent example of such an 
island : the whole mass, estimated as exposing a surface of 
4000 square miles, is composed of lava, or other volcanic mat- 
ter, wmch rises in the peaks of Mouna Roa and Mouna Kaa 
to the height of between 15,000 and 16,000 feet above the 
level of the sea." 

74. Earthquakes are most important geological i^gents, though 
their origin and mode of action is scarcely so obvious as those 
of volcanoes. The theories which have been advanced to 
account for such phenomena will be elsewhere adverted to ; 
here it is sufficient to state, that, though they occur in all 
parts of the world, they are much more frequent and 
violent in the region of active volcanoes. Earthquakes are 
strictly mechanic^J. in their mode of action, upheaving some 
portions of the crust and depressing others, causing rents 
and fissures; altering the course of rivers, elevating the 
bottom of the sea to open day, and submerging dry land 
beneath the ocean. They are sometimes so gentle in their 
operations, that a slight tremulous motion of the earth is all 
that is perceived ; at other times the shock is so violent, that 
the surface configuration of wide districts is' completely 
altered, and the works of man become masses of ruin. 
Volumes might be filled with accounts of earthquakes and 
their disastrous consequences ; we shall simply notice a few 
historical facts to show their importance. In 1596 several 
towns in Japan were covered by the sea; in 1638 St 
Euphemia became a lake ; in 1602 Port Royal, in Jamaica, 
was submerged ; in 1775 the great earthquake of Lisbon sank 
many parts of the Portuguese and African shores 100 fathoms- 
imder water ; in 1819, at the mouth of the Indus, a large tract 
of country, with villages, was submerged, while a new traci 
was elevated, called the "Ullah Bund ;" in 1822 about 100 
miles of the Chili coast was elevated to the height of four or 
six feet ; and in 1843 several of the West India Islands were 
fiearfiilly convulsed, and a vast amount of life and property 
destroyed. 

75. The general effect of earthquakes, like that of volcanic 
fbnjes, is to render the crust of the earth irregular in surfoce^ 
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by depressing some portiotis and by elevating others. It re- 
quires little efibrt of imagination to conceive how a level tract 
of country might, by a few shocks, be converted into abrupt 
he^hts, rents, chasms, and h<^lows, or even sunk many 
fnbhoms beneath the ocean. Earthquakes in the vicinity of 
the sea are generally accompanied with violent agitation of 
the water, and waves of enormous height are rolled upon the 
land (60 feet in the Lisbon earthquake), tearing up the sur- 
face, and formii^ masses of loose material. 

76. As earthquakes now act, so nmst tJ^ey ham done xn cM 
Hme past ; and if the great mountain ranges prove the exist- 
ence of more exteneave volcarac i^ncy, we are warranted to 
conclude that earthquakes were also more frequent and disas- 
trous in the earlier ages of the world. If fissures, chasms, 
and subsidences be at present produced by earthquakes, the 
student will have little difficulty in accounting for the nume- 
rous rents and breakings which occur in the solid strata in 
regions where vukaaoes and earthquakes have long smce 
ceased to exert their agency. 

77. Qradually elevating forces appear to be intimately con- 
nected with those which produce volcanic eruptions and 
earthquakes. The term is api^ed where we find tracts of 
country and shores of the sea undergoing a slow process <rf 
elevation, without being accompanied with any perceptible 
violence. Mr Lyell has discovered instances of this kmd of 
elevation along the shores of the Baltic, where places, which 
& century ago were on a level with the sea, are now several 
feet above it, and where even a change of a few inches has 
taken place since 1820. 

78. To what extent such forces may have operated in times 
past we have no knowledge ; and even at the present mo- 
ment, differences in the relative level of sea and land may 
be occurring in certain districts so gradually, that they 
escape our observation. Wherever the sea has acted upon 
the laad for any length of time, it forms a shore or beach, 
renerally an inclined plcme, along which the tide rises and 
falls. If the la«d be raised up, or the sea depressed, the 
form of this beach will be preserved, and easily traceable 
both from its level appearance and from the nature of the 
gravel, sand, and shells of which it is composed. Such 
ancient beaches have been found in various parts of the world, 
at elevations from 8 to 60 feet, clearly showing that changes 
in the relative level of sea and land nave often taken place 
over vast areas, but affording little evidence whether the 
changes have been suddenly or gradually accomplished. 
Along the shoroei of the Forth and Clyde in Scotkuad, the 
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east eoast of England, and ihe coast of France snd Portugal, 
there b a very remarkable beach of this description, from 40 
to 60 feet above tlie present sea-level, and presenting a sort 
of step or terrace, ^hich is easily traceable sometimes for 
Kiles together. This terrace is composed of rounded pebbles, 
l^vel, sand, and sea-shells, and such material as usually 
compose the beaches at the present day. 

79. As 9ome parts of the land may he elevated, so others 
may he depressed; and ccMisequently we find stumps of trees 
under the present sea-level, clearly showing that the land on 
which they grew had been submerged. But whether these 
ancient elevations and depressions have been accomplished in 
one hour or in many years, whether quietly or with violence, 
geologists have not yet been d^le to determine. 

BXFLAlf ITOBT If 0TB. 

ToLCANO, from Vvkfmr the god of fire^ who was supposed by the 
ancients to reside in a caveta nnder Mount iBtna^ and to foige thoft* 
derbolts for Jupiter. 

Lata, an Italian term, now universany applied to those masses of 
melted matter which are discharged by volcanoes daring an eruption. 
Loose fragments of rocks, cinders, dost, and ashes, are comprehended 
under the term m»rieB, 

Crater (Gr., huterf a eup or bowl)— the mouth or vent of a volcano ; 
so called from the resemblance which its sliape bears to an ancient 
drinking bowl. Tlie craters of volcanoes have, in general, one edge 
a little lower than the other, owing to the prevailing winds carrying 
fte greater portion ef the light matCTial to the opposite side. 

ORGARIC AGEITCIES. 

80. Compared with the other classes of agents which hare 
been described, the Organic are comparatively unimpoi*tant in 
aiodifying the crust of the globe. They exert an elevating 
or accumulating iniuence, and may act either on the dry 
land, in fresh or in salt water, according to the nature of the 
vegetables or animals from which they result. They are 
comparatively slow in their operations, but produce the most 
interssting class of phenomena with which geological research 
has made us acquainted. Organic agency presents itself 
ttnder two great heads — namely, Vegetable and Animal. 

81. Vegetable growth acts in two ways: first, by forming 
accumulations of matter, such as peat ; or, seconud, by pro- 
tecting the soil froxa the degrading power of rains and winds. 
Extensive areas of sand-drift would be continually shifting, 
were it not £»r the vegetable sward which gathers over their 
nurface; and all soila^ during seasons ef drought or rain. 
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would, be liable to be blown or washed away, were it not foir 
the graaay turf which covers them. Marine plants are exn 
tremely perishable, and exert no perceptible influence on the 
earth's cnist. Terrestrial plants are of a very different 
character both in point of size, number, and material ; and to 
them are chiefly owing the vegetable deposits in all ages of the 
world. 

82. Trees and plants are annually carried down by rivers, 
and deposited along with the layers of sand and mud which 
have already been noticed. The rafts of the Mississippi ar© 
frequently several miles in length, and from 6 to 10 feet tfadck^ 
being composed of trees, roots, and brushwood. All marshes 
and shallow waters give birth to innumerable aquatic plants, 
which grow and decay from year to year, till, in the course 
of centuries, their remains form thick accumulations of peat* 
Peat bogs, of many miles in surface, and from 4 to 20 feet 
in thickness, are frequent in Scotland, Ireland, and other 
countries, and contain trees and the remains of animals which 
once inhabited the countiy. Vegetable growth is greatly in- 
fluenced by climate, being more prolific and gigantic in warm 
than in cold regions, and being also entirely different in cha- 
racter. While, therefore, peat is forming in the bogs of Ire- 
land, the Mississippi is caiTying down the pines of America, 
and the Ganges the palms, canes, and tree-ferns of the Indian 
jungle. 

83. Of the vegetation of past eras we can only judge from 
the fossil remains found in the solid rocks ; and, comparing 
that of the coal strata with what now exists, we are war- 
ranted in concluding that the earth has at certain times nou- 
rished a more luxuriant and gigantic vegetation. Indeed 
coal, as will hereafter be shown, is just as much a mass of 
altered plants and trees as peat is ; and when the student is 
told of many beds of coal lying one above another, some of 
which are ten, fifteen, and twenty feet in thickness, he may 
readily conjecture what an immense mass of vegetation has 
been compressed into this one formation. The present forma- 
tion of vegetable deposits, and the dependence of plants upon 
temperature and climate, are facts which it is necessary to 
bear in mind ; otherwise it will be impossible to account for 
many appearances which are presented in the stratified crust 
of the globe. 

84. Animal life is also an active agent in adding to the solid 
material of the globe. Generally speaking, the remains of ani- 
mals are very perishable ; hence, though their bones, teeth, 
and scaly covenngs are numerously found as fossils, yet these 
form a mere fraction of the rocks in which they are imbedded. 
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it is not in this light, therefore, that animal existence may he 
said to be influential in modifying the crust of the earth ; and 
we may reckon of slight importance all the skeletons of the 
larger animals which are deposited along with the mud, sand, 
and gravel in the bottoms of existing lakes and seas. It is the 
minutest forms of life which are mainly instrumental in form- 
ing deposits of this class ; such as the coral-insect, shell-fish, 
aod some crustaceous animals. 

«. 86. By the labours of the coral animalcule are formed those 
extensive reefs of solid coral, or limestone, well known to the 
navigators of the Pacific. These reefs rise in masses of varioiis 
idiapes ; sometimes as islets, at other times as circular belts 
eoclosing a lagoon or lake of salt water, but more frequently 
in long abrupt ridges from 20 to 100 feet in thickness. The 
great reef, which follows the line of the northern coast of 
New Holland, is more than 1000 miles in length, in the couree 
of which there is one continued portion exceeding 350 miles, 
without a break or passage through it. The animalcule is 
scarcely so large as a pin's head ; it is star-shaped, is of a soft 
gelatinous structure, and myriads of them unite in iheii 
operations to form a single branch of coral. By examin- 
ing a piece of coral, its surface will be found dotted with 
small star-like openings : each of these contains a single ani- 
mal, and the space between them is covered by the membrane 
above referred to. These animalcules have the power of 
secreting limy matter from the waters of the ocean ; they are 
incessantly at action, and many of the reefs rise several feet 
in the cours'e of a few years. They do not commence their 
labours at great depths* but attach their structures to rocks 
from 60 to 100 feet below the suiface ; and thus the coi-al 
reefs partake of the shape of the submarine ridges on which 
they are founded. As their structures approach the surface, 
the waves and currents of the ocean detach large pieces, which 
are either drifted on the land, and form coral-beaches, or are 
piled upon the surface of tlie growing reef, till it rises above 
the sea. When the animal reaches the surface it ceases its 
operations, and the subsequent elevation into islands and dry 
land is performed by the waves and tides, and by the elevat- 
ing forces described in the preceding section. 

86. Coral is almost entirely composed of pure limestone^ and 
is found in all stages of solidity, from an open porous mass, 
with the live animal upon it, to a hard and compact limestone, 
with scarcely a trace of its animal origin discernible. There 
are many species of the coral animalcule, each variety rearing 
its structure after a different form ; and from this fact such 
Qitmes have been given as tree coral, .^ coral, organ-pipe 
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eoral, bram coral, &e. Whaterer be the shape, the substance 
formed, and their mode of action, is the same. They are found 
largely over the Southern Pacific, in the Indian Sea, the Red 
Sea, and other portions of the ocean. As at present, so in 
former ages of the world ; and the student will hereafter find 
thiUi many of the beds of limestone now deep in the crust of 
the globe, hkve been formed by the same kind of organic 
agency. 

87. Shell-fish^ Hke the aorai ardmaiy htwe the power of 
secreting limy matter from the ocean. In the former case, the 
secreted matter forms a covering or enclosure for tlie animal ; 
in the latter, the animal is external, and the structure forms a 
mere groundwork for its operations, and a wider field for the 
increase of its kind. There is an immense variety of shell- 
fish, but only a few varieties exist in great numbers, and it is 
by the agency of these that shell-beds are formed. The oyster, 
muscle, and cockle, are familiaar examples ; they live in great 
shoals or beds, covering from a few acres to many miles of the 
bottom of our seas and friths. Zoologists have found that 
Hiost shell-fish live in shallow waters around the shores ; and 
from this habit they are more liable to be covered by the 
material borne dovm by floods and rivers. In raised beaches, 
and in deltas, we actually find such accumulations of shells, 
sometimes several feet in thickness, and presenting the sam« 
appearance as when they lived and multiplied in the 
waters. If, then, extensive layers of shell-fish now exist, 
and if they are sometimes found imbedded in the alluvial 
matter of deltas and Is^es, the student will be better enabled 
to account for the occurrence of tliick masses of shells, or 
limestone wholly composed of shells, amcmg the solid roeky 
strata. 

88. Although corals and shdlfi^ are the moH impertani 
animal agents in adding to the material of the earth's crusty 
yet the exuviae of other animals must not be overlooked ; for, 
it is oft^i from the occurrence of these alone, that we are 
enabled to infer as to the former conditions of the world. 
Thus, the remains of elephants, lions, and tigers, may be 
carried down bv the waters of the Ganges, and <kpostted in its 
delta ; those of the rhinoceros, hippopotamus, and ostrich, by 
the Ni^ ; and those of the buffalo, elk, and reindeer, by the 
Mississippi ; while the rivers of Britain convey no such re- 
mains to the ocean. The sand, mud, and gravel of all these 
d^tas are very much alike ; and if they should hereafter form 
locks, the geologist could tell of tlie condition of the country 
m which they were formed only by the kind of fiissik which 
these rocks cQntain«d« 
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8d. The formation of coral-reefs and sheU-betb is a yradual 
and ordinary operation; but ^oak of other fishes loay be 
entombed during violent storms, or during submarine vcdcaiue 
eruptions^ which are attended by noxious vapours, heat, and 
a suffocating agitation of the mud of the ocean. The modes 
in which vegetable aiid animal life may affect the crust of the 
globe are extremely complex and varied^ but the above are 
the most obvious aud important. 

BJBQLPmrLATI(»C 

90. J « detailed in the preceding section^ the causes dbiefly 
employed in modifying the structure of the globe may l>e 
divided into four classes — ^Atmosphbricv Aqubous, loNsotv, 
and Organic. The former two exert a degrading or wasting 
influence, and if not counterbalanced by other forces, would 
ultimately wear down the dry land to a level with the ocean ; 
the latter exert an elevating or accumulating influ^iee, and 
thus maintain that elevation and diversity of dry land essen- 
tial to animal and vegetable life. To assist the memory, these 
agents may be briefly arranged as follows : — 



DEQRADING CAUSES. 

AtmotpAerie, Aqueoua. 

Whids, Bains, Snow, &c 

Frosts, Springs, 

Heat and Light, Rivers, 
Gaseous Admix- Waves, Currents, 
tures. Tides. 



ELBVATINO CA176E8. 



Jgnepvt. 
Voloaaoes, 
Earthquakes, 
Gradually elevat- 
ing forces. 



Organic 

Vegetable accu- 
mulations, as 
peat, &e. 

Animal, as coral- 
reefs, shell- 
beds, &c. 



91. Ify then, on the one hand, windSy froete, rains, rivers, 
and waves be continually wasting down the solid crust, and 
depositing the debris in layers alon^ the bottom of lakes and 
seas ; and i^ on the other, these layers be consolidated by 
pressure, by chemical processes, or by heat, and be then ele- 
vated into dry land by volcanoes and earthquakes, it mu^ be 
obvious that the surface of the globe is in a state of perpetual 
change. These changes may be slow and imperceptible, or 
sudden and obvious ; but in either way the appearances exhi- 
bited by the earth's surface must be very different now from 
what ft was many thousand years ago. What was then 
covered by the ocean, may now be dry land; and what 
was dry land, may have smce been ocean, and may now 
be dry land again. These ch^iges will be manifested by the 
kind of layers or rocks deposited at each succes^ve period in 
the bottom of the sea ; hence the geologiQal hlstoiQr of the 
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world can only be discovered by the study of these strata. 
But as these strata were upheaved by volcanic agency, rocky 
masses of igneous or volcanic oi-igin are frequently mingled 
with them ; hence we find not only stratified rocks from de- 
position in water, but unstratified, the result of igneous fusion. 
Again, all strata oriffinally deposited by water will contain 
more or less the remams of plants and animals which flourished 
during the period they were deposited ; and the consideration 
of these petrifactions affords the geologist an idea of the kind 
of life wliich then peopled the surface of the earth, or inha^ 
bited th^ waters. These unstratified and stratified rocks, with 
the animal and vegetable remains which they contain, form 
the solid crust of the globe — the structure, composition, and 
formation of which it is the province of geology to consider. 

EXPLAMATORT NOTE. 

Secretion (Lat., secretw, separated or set aside). Both animals and 
vegetables are said to secrete certain sabstances. Coral, for example, 
is an animal secretion composed of lime, which the animalcule has the 
power of separating from the water of the ocean ; resin and gum are 
Vegetable secretions. 

ExuviiE (Lat., cast dothcs). In Zoology this term is applied to the 
external integuments of animals which are periodically shed or oast o% 
such as the skin of the snake, the crustaceous covering of the crab, 
&c ; but in geology it is employed to designate fossil animal remains 
of whatever description. 



MINERAL SUBSTANCES COMPOSING THE EARTH'S CRUST. 

92. The mineral or rocky substances which compose 
the crust of the globe are exceedingly numerous and varied. 
They are commonly known by the name of rocks, minerals, 
metals, earths, and salts ; but, geologically, are all compre- 
hended under the general appellation rock. The individual 
minerals and elementary substances of which rocks are com- 
posed, come more appropriately under the sciences of miner- 
alogy, metallurgy, and chemistry. Passing over the mere 
surface soil, and proceeding downwards to the greatest knoAvn 
depth, the solid crust may be said to be composed of two 
great classes of rocks — those arranged in layers, and those 
occurring in irregular masses ; in other words, the stratifijed 
and unstratified. The stratified are those which have been 
formed from deposition in w^ter ; hence they are also known 
by the terms aqueous and sedimentary. The unstratified are 
those which have been formed by fire, and are also known by 
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th« terms igneous and volcanic. The following engraving re- 
presents the appearance which the stratified and unstratified 
Tocks present in a section of the earth's crust- 



Unstratified. Stratified. 

93. All rocks, whatever he their origin, have three characters 
nnder which they are viewed by the geologist — namely, the 
Mechanical, Mineral, and Chemical; and though it is impos- 
sible, in an elementary work of this kind, to enter fully into 
the consideration of these characters, still it is necessary that 
the student should be in some degree acquainted with the tech- 
nical terms which are employed to designate these characters. 

94. The mechanical structure of rocks is that which pre- 
sents itself in the general appearance of the mass as it occurs 
in the earth, or in portions of the mass when it is broken up 
by artificial means. It has nothing to do with the composi- 
tion, and merely considers tlie appearances presented, whether 
the rock be roofing- slate, chalk, or coal. For example, some 
rocks are arranged in layers, and these layers can be split up 
into still thinner plates, as slate ; others occur in columns, lik« 
the basalt of StafFa and the Giant's Causeway ; and these 
columns can be broken up into small prismatic pieces. This 
structure is purely mechanical, and has been divided by geo- 
logists into the external and internal — the former having refe- 
rence to the mere outward form, and the latter to the shape 
of the smaller fragments into which the mass can be broken. 
The external structure of coal, for instance, is stratified, but 
the internal structure varies ; caking coal breaking up into 
small cubes or square pieces, splint coal into thin slaty divi- 
sions, and cannel coal into irregular fragments, having a sheU- 
like surface. 

95. The terms employed to describe these varieties of structure 
are useful, in as far as they enable one writer to make him- 
self understood by another. The following are those of most 
frequent occurrence : — 

Massive, occarring in large masses of no determinate form, as gramte. 
Amorphous, without any regnlar shape ; amorphous and massive are 
very similar terms. 

D 
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CUmdtU, inscpnre mntet retembfing oabes, as wome peewtonea, 

Pritmatie, ooourring in manet, with laees and ^^1^8 like a prism. 

Columnar, in colunms or pillars, like bajsalt Where the piUais aae 
not very distinct and regular, the term sub-oohimnar is used. 

Stratum, bed, seam, and layer. These are nearly synonymous terms, 
all conveying the idea of bemg spread or laid out in parallel masses, as 
sandstone, slate, &o. 

SchistozeffissttB, slaty, laminar, are employed to describe rocks capable 
of being split up into thin plates or divisions like slate. 

Foliated, when the lamine or slates split up Into still thumer leaves. 

Squamote, when the fragments have a scaly appearance, like mica. 

Fibrom, having a fibroos texture, like asbestos ; aohular, when the 
fibres have a distinct needle-shaped appearance. 

Vesictdar, cellular^ when the texture of the rock is fuU of small cells 
or vesicles. 

Granidar, when the texture is made of distinct grains, as granite. 

Saocharotdf when the grains have a uniform crystallme aspect, like 
loaf-sugar. / 

Porom, of an open texture, or full of pores, as pumioestone. 

FriaMe, when easily broken down ; earthy, of a soft dull texture ; aad 
compact, when of a dose and firm texture. 

96. The mineral character of rocks has reference to tlie 
number and aggregation of the simple minerals of which they 
are composed. A piece of granite, for example, is composed 
of distinct crystals of felspary quartz, and micoy which are said 
to be simple minerals. In general, minerals occur in fixed 
shapes, as cubes, prisms, &c« in the igneous rocks ; while in 
the aqueous, their edges and angles are broken and wat^- 
worn. Some rocks are simple — that is, composed only of one 
Biineral, such as limestone ; others compound, or formed of 
several minerals, as granite ; and some, apparently simple, 
are in reality compounds of several minerals minutely blended 
together, as certain kinds of sandstone. 

97. There are many hundreds of simple minerals difiPering 
from each other in snape, colour, lustre, hardness, composi- 
tion, &c. The consideration of these characteristics more 
properly constitute the science of mineralogy ; but it is impos- 
sible for the student in geologr to make much useful lupo- 
gress without bein^ acquainted with those minerals whidi 
enter most largely into the composition of rocks. These are 
the following :— 

Qaartz ; the hard white crystals of granite, and the white grains of 
sandstone, are of quartz. 

Febpar ; the soft gvayish crystals of granite, which can be eanly 
scratched, are of felspar. 

Mica ; the glistening, scaly, and transparent portions of granite are 
of mica ; it occurs in minute scales in many sandstones, giving to them 
a silvery aspect 

HombUnde, a black or daik-green mineral found in some granites in 
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the room of mica ; granite !• thek called mfenUe, Hornblende is so 
named from its horny fracture. 

Jctynolitef so called from the pointed or thorny afqxara&oe of Hs 
orystals ; it is of a greenish-gray colour, and found in some of the etaSj 
ahU«8. 

Auffite, a greenish minend found in many Igneous rooks ; it is the 
type of a class to which hornblende and actynoKte belong. 

DkUla^, also called SckSler ^par, an olive, bhiekish, or ydlowish- 
green mmeral of a foliated structure, and having a metallic lustre. 

Schorl, occurs in black prismatic crystals ; u brittle and lustroo^ 
and becomes eleetiic by heat and friction. 

CMfriie, so called from its greenish-black colour ; it is either of A 
crystallised or foliated structure ; and in the latter state it forms the 
greater portion of that greyish slate called chlorite slate. 

>€free»-earthj a greenish earthy mineral allied to chlorite, whiek 
enters largely into the contposition of many trap-rocks. 

Talc, a transparent mineral resembling mica, but softer, and not 
dostie. 

Steatite; all rocSra contuning this mineral fSeel greasy or soapy, aad a>e 
thus easily distinguished ; they are sometimes called aocg^sionet, 

Gamet, a reddish or wine-coloured mineral found in some mica slates 
and volcanic rocks. 

Carbonate of lime ; pure marble, chalk, &c. are carbonates of lime. 

CkahoMO/e of fnagnma. ; lithographic limestone is a compound of car- 
bonate of raagnesia and curbonate of lime. 

Sukjhate <fume; gypsum, or plaster of Paris, is sulphate of lime. 

Chloride ofaodium ; common salt is chloride of sodium ; it is found hi 
sea-water, and in masses constituting rodi-salt. 

Bitumen, an inflammal^e mineral, found either liquid, as in petroleum 
or rock-oil ; solid, as in asphalte ; or mixed, as in common coaL 

Iron, oxide and stdphttrets of; rust is an oxide of iron ; pyrites, or 
those little yellow cubes found in roofiiq^-date, are sulphurets. 

98. The most abundant rocks «re f<»rmed by the aggpregation 
of the above minerals. It would be impossible to convey an 
adequate idea of these rocks by a mere verbal descriptioB; 
and at this stage the student should endeavour to make him- 
aelf £Eimiliar wi^ the following rocks (of which there are 
many varieties), by the ine^ectioa of actual specimens :•— i 



tIBANITE, 


FELSPAR ROCX, 


<IUAKTZ BIOCK, 


STENITB, 


CLAYSTONE, 


SANDSTONE, 


OBaKNSTOm^ 


BOSNSTONB, 


CLAY-SHALE, 


BASALT, 


PIfCHSrONE, 


SLATE, 


HYPERgTHENE EOCK, 


GNEISS, 


FLIHT, 


D1ALLAGB BOCK, 


MICA SCHIST, 




SERPENTINE, 


CHLORITE SCHIST, 


UXESTONE^ 


WACKS, 


HORNBLENDE SCHIST, 


COAL. 



99. The chemical i^aracter of rodcs has no reference either 
to their mechanical structure or mineral Mgregation. Ae- 
cording to the deductions of chemistry, all bodies in nature, 
whatever their structure or appearance, are composed •f 
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fifty-four simple or elementary substances. Granite, mine- 
ralogically speaking, is composed of quartz, felspar, and mica; 
but these three minerals are each composed of several che- 
mical elements— quartz, for example, being a compound of 
the gaseous body oxygen, and a metal called silicum. 

100. Of the elementary bodies, under the ordinary pressure 
and temperature of the atmosphere, there are — 

Five gaseou9^hydtogeny oxygen, nitrogen, chlorine, and fluorine ; 

Seven non-metalUc, liquids and solids--bromine, io^e, sulphur, phos- 
phorus, selenium, carbon, and boron ; 

Thirteen solid metalloids, v^hich unite with oxygen to form the 
earths and alkalies — sodium, potassium, lithium, aluminum, silioiuu, 
yttrium, gluciiim, thorium, calcium, magnesium, zirconium, stron- 
tium, barium ; 

Twenty-nine metals, which are all solid save mercury — ^man&fanese, 
zinc, iron, tin, cadmium, arsenic, antimony, copper, molyaenum, 
uranium, tellurium, chromium, cerium, nickel, vanadium, cobalt, lead, 
tungsten, titanium, mercury, columbium, bismuth, osmium, silver, 
palladium, rhodium, platinum, gold, and iridium. 

101. Only a few of the fifty-four so-called elements enter 
largely into the composition of the rocky masses which con- 
stitute the crust of the globe. The most prevalent are 
oxygen, carbon, sulphur, aluminum, silicium, potassium, 
sodium, calcium, magnesium, and iron. Of these, oxygen Is 
by far the most prevalent ; it is found in combination with 
every other substance, and is supposed to constitute fully one 
half of the ponderable matter of the globe. 

102. From what has been stated in the foregoing paragraphs 
respecting the mechanical, mineral, and chemical characters 
of rocks, it will be seen how necessary a knowledge of 
these is to the right investigation of the constitution of the 
earth. It is true that geological research may be carried 
on without an intimate knowledge of mineralogy or che- 
mistry, but it is evident that a certain amount of minera- 
logical and chemical information will greatly assist the pur- 
suit.- To illustrate this by a familiar example: — Granite, 
geologically speaking, is unstratified, massive, granular, 
composed of several ingredients ; from its general structure, 
it is regarded ad arising from igneous fusion, and is con- 
sidered as the basis of all the stratified rocks. To the 
mmeralogist these facts are of little importance ; he proceeds 
to consider it as composed of three distmct minerals— quartz, 
felspar, and mica — and to arrange these minerals into classes 
according to their shape, colour, lustre, hardness, &c. But a 
knowledge of these minerals greatly assists the geologist ; for, 
while he finds them regularly crystallised in granite, he finds 
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them broken and water- worn in gneiss, and concludes that 
gneiss must have been formed of the disintegrated particles of 
granite. Again, to the chemist, geological conclusions and 
mineral classification are but secondary objects ; he takes up 
the simple minerals, and resolves them into their simplest ele-> 
ments, and finds that quartz consists of silicium and oxygen ; 
felspar of silica, alumina, lime, potash, oxide of iron, and 
water; mica of silica, alumina, magnesia, potash, oxide of 
iron, and oxide of magnesia. A knowledge of these chemical 
facts also greatly assists the geologist, as they enable him to 
account for many changes which take place among rocks, and 
ih)m whence their materials have been derived. For instance, 
ifon and clay-slate are not perceptible in granite ; yet, by 
chemical means, the ores of iron and clay-slate may both be 
derived from the felspar and mica which constitute the 
granite. 

EXPLANATORY NOTE. 

Ghabactees of rocks. — The student will readily learn to distinguish- 
able meckameal characters of rocks, that is, that which relates to their* 
external forms and internal texture. For example, he can have little 
difficulty in determining whether a rock be columnar or massive, 
granular or fibrous ; he may, however, frequently be puzzled to decide 
as to its mineral composition. Certain simple minerals, as quartz, 
mica, iron pyrites, &c. are easily recognised ; but in the majority of 
cases many tests are required, such as taste, smell, adhesion to the 
tongue, colour, lustre, form, hardness, and so on. For this purpose a 
knowledge of mineralogy is necessary ; an acquirement which, at this 
stage, the student is not expected to possess. It wUl therefore be ad- 
visable that he familiarise himself with the most prevalent minerals and 
'focks by the inspection of actual specimens, cabinets of which can be 
.^ibtained from the dealers for a trifling sum. To ascertain the precise 
chemical constitution of any rock, is a matter requiring considerable ex- 
perience in the laboratory ; but possessed of a retort and ^irit-lamp, 
a blowpipe, a few test-tubes, and acids, the student may readily de- 
tect the presence of such substances as lime, hon, copper, lead, 
sulphur, soda, potash, &c. 



MEANS OP GEOLOGICAL INVESTIGATION. 

103. The means placed within man^s reach for investigating 
ihe history of the glohe^ are of a very satisfactoiy description. 
The accessible crust being for the most part formed of stratified 
rocks occurring in definite order one above another, each coin- 
posed of certaia minerals^ and containing different kinds of 
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£)883 plants and animals, it enables ns to determine the relative 
time required for the formation of certain strata, and to predict^ 
from the kind of fossils, what must hare been the state of the 
earth as to climate and other geographical features at the period 
when these remains were imbedded. Strata, for example, 
which contain the remains of marine shells and fishes, indicate 
that they have been deposited in seas ; those eontaining fi-tsh- 
water shells and plants, that they have been formed in lakes 
and estuaries ; and as certain plants and animals now flourish 
ia a tropkal climate, so will similar fossil remains indicate thai 
they have lired imder a umilar temperature. Fine-grained 
and thinly-laminated beds, such as day-slate, must have been 
deposited under difiBerent conditions from a bed of gravelly ccm- 
glomerate; and tbe circumstances which went to the &rma- 
tion of coal, must have been widely different from those under 
which chalk was formed. Further, some strata lie in a slant- 
ing position ; and as we know that all matter deposited from 
water arranges itself in nearly horizontal beds, these strata 
must have been turned up by some elevating cause. No ex- 
tensive elevation of the crust, however, caa take place without 
causing rents and fractures, contorticois, and oth^ dklocationa 
of the strata ; and from the magnitude of these, some idea may- 
be formed of the volcanic forces which caused them. Thus h 
ia, by the stratified rocks, the order in which they occur,^ the 
kin J of material of which they are composed, and the organic 
remains imbedded in them> that the geologist 'm enabled to pro- 
ceed with his investigations. 

104. Had the stratified rocke lam in regular undisturbed 
succession, like the coats of an onion, man would have knade 
b^t little progress in deciphering their history, as the greatest 
perpendicular descent he has yet made into the crust of the 
earth does n<^ extend to half-a-mile. But as these rocks are 
thrown up into slanting and irregular positions, so that the 
lowest are brought to the surface equall v with those most re- 
cently formed, geologists have been able to collect a regular 
series of stratified rocks, from those deposited, as it were, but 
yesterday, downwards to the unstratified granite which forms 
their basis. There are two great means of investigation : 
artificial sections^ as exhibited in coal-pk^ quarries, and 
tunnels; and natural sections, as occasionally exposed by the 
sea-shore, by ravines, and by river channels. 

105. Artificial sections assist geological inquiry in this 
manner : — Suppose a series of strata, a,b, c, d^ should occur ia 
a horizontal position (fig. A), we may become acquainted 
with their composition and order by a shaft er pit piercing 
them ; but by tnis means we cannot arrive at any great depth 
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into th« earth's crost, from the exporae of working deep shaft^. 
and the difficulty of carrying oflF. their water. Were the saM 
series of rocks, however, thrown up in a slanting position 

Fig.A. Fig.R 



(fig. B), then every shaft that pierced them would add to the 
amount of our information. For example, the shaft No, 1 
pierces the eoal-heds a, 6, and e'; No. 2 the coal-beds c^d, 
and e; and No. 8 the coal-beds e, /, and g. Now, by adding 
the results of these comparatively shallow shafts, they would 
furnish us with information respecting the w^hole series of 
strata from atog^ and which, in a horizontal position, human 
means never could have reached. By collecting and compar- 
ing the results of many shafts and borings, geologists are 
enabled to map out sections of extensive districts, and so 
become acquainted with the structure of the earth to enor- 
mous depths. 

106. The mo9t extensive and satisfactory sections of stratified 
rocks are those presented by ravines, and by the sea-shore. 
Thus, in tracing the course of a river, as represented by the 
following engraving, the geologist would become acquainted 




with several series of rocks, and see their mineral and fossil 
characters much more distinctly than by any shaft or boring; 
Here the river bank exposes the strata /rom C to D in regular 
succession, where it is obvious, had they been in a horizontal 
position, only two or three beds would have been cut through, 
by the action of the water. Such sections are numerous in 
hilly countries and along the sea-coast ; and in these situa- 
tions should the student make himself familiar not only with 
the succession of strata, but with the modes and peculiarities 
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of stratification, which can never be perfectly understood 
unless from actual observation. 



FORMS OF STRATIFICATION. 

107. The stratified rocks being, as it were, the key to the 
structure and history of the earth, it will be necessary to 
advert to some of the more common forms in which stratifica- 
tion is presented. When strata lie in a fiat or level position, 
they are said to be plane or horizontal, as at ^ in the sub- 
joined figure ; when they slant, as at B, they are said to be 



inclined, and the angle which they form with the horizon ia 
called the dip, or angle of inclination ; when highly inclined^ 
as at C, they are termed vertical, or edge strata, as appearing to 
be set on edge ; when bent and twisted, as at D, contorted; 
and when suddenly bent up by subterranean forces, as at E, 
ihey are said to be tilted up, 

108. Strata which dip in two opposite directions from a com- 
mon ridge, as at a, are said to form an anticlinal axis, or saddle- 
hack; when dipping to a common point, as at s, the axis is 




termed synclinal, and the hollow so formed a trough or basin. 
The headland, or blufi; formed by the abrupt termination of a 
series of strata, is called an escarpment, as at e; and beds lying 
apart from the main series to which they belong (o), outliers* 
Where a stratum comes to the surface, as at c, it is said to 
crop out; and the part exposed forms the crop or outcrop. 
Strata are said to be conformable when they are arranged 
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l^srallel to each other ; hut unconformable when one set of 
heds overlie a lower series, without any conformity to the 
position of the latter. The strata at a? are unconfonxiahle to 
those upon which they rest. There are several other terms 
applied to the position and inclination of stratified masses, hut 
the above are those which most frequently occur. 



FOSmONS OF UNSTRATIFIED BOCKS. 

109. As all stratified rocks were originally laid down in a 
position nearly horixontal, the difierent inclinations and con- 
tortions described above must have been produced by elevat- 
ing or igneous causes. Whether the upheaving forces exerted 
tiiemselves through volcanic vents, accompanied by discharges 
of unstratified or igneous rock, or simply as earthquakes, they 
would produce other appearances than mere change of posi- 
tion in strata. These appearances are generally known by the 
name oi fractures^ or disruptions, and may or may not be 
accompanied by discharges of igneous rock. 

110. Discharges of igneous rock present themselves either as 
disrupting^ interstratified, or overlying masses. In the accom- 
panyiug section, A is simply a disrupting mass, or mountain 
range, by which the original strata are broken asunder ; B is 
partly a disrupting mass, and partly overlying, as it overlies 
the strata at d ; and G is both disrupting and interstratified, part 
of the fused mass appearing between the strata at e. Disrupt- 
ing masses are caused by the expansive force of the fused mate- 



rial from beneath ; overlying masses by the rock spreading 
itself, when in a liquid state, over the surface of the strata ; 
and interstratified by overlying masses being covered by a new 
deposition of strata. Soniietimes there is a -pseudo or false 
interstratification ; that is, when the expansive force of the 
igneous rock has raised one set of strata from another, and 
inserted itself for some distance between them. In either case 
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the interatrat^ed igneous rode presents no regularity or co&* 
tianity of stnitilication, and k easily dktiBgakhed from rocks 
fEHnaed from sediment m water. 

111. Fracture of th^ strata caused by subterranean forces 
are known by the terms veins^ faults, dykes^ aiipsy hitehe% 
&c. In the subsequent figure^ a is a suite &i veins traversing 
unstratified and stratified rocks ; b a faulty or dislocation^ on 
each side of which the strata are thrown at diflFerent inclina- 
tions ; c a dyke, composed either of igneous rock injected 
from below, or of clay and gravel washed in from above, also 
accompanied by an alteration of the dip ; and d a hitch or 




sHp arising from a porlien of the strata having been thrown 
down to a lower levei without any chemge in the inclination^ 
Of course the phrase thrown down k merely relative; for 
while the strata on the right of d appear to be thrown down^ 
tlkose on the left seem to be thrown up. The mining terms^ 
ttfhthrow and down^throwy therefore, refer to the same pheno- 
menoa, and are used accerdii^ to the position from which the 
strata happen to be viewed. 



EXPLknsxaaY iHxnL 

AjmeuvAL (Greek, mtfiy on opporite sides^ sod c2mo, I bend) — ^bend- 
ing towards opposite sides, such as strata from a eommon azisw Strata 
biding south and north firom one ridge form an antioiine, or saddle- 
back ; but when they dip in ejerj direction from one point, ihej ace 
said to he qttaquavenoL 

Synclinal (Gr., sjw, together, and dino, I bend)— bending together, 
or towards one point, such as the sides of a basin towards the bottom. 

DiSRUPTiNO (Lat.,<i^ asunder, ruptusy broken) — ^breaking or foro- 
ii^ asunder. 

DiSLocATioif (Lat, ^ asunder, hats, a plaee)-— duplaeed, or pu£ 
out of its or^^inu or regular position* 

Dtkb (Scottish, c^^ a wiOl or fenoe)->ap{died to those intenrantknui 
which the miner Hieets with in his progress, from their a{H>eanng ta 
vmU off one part of a coal- field from anther. Sometimes these dyketf 
axe only a few feet in thidmess; at other times they are as many 
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ORYCTQLOGY— SCIENCE OF FOSSILa 

112. Fosmls^ whether vegetable or amrmd, generuMti partake 
of the character of the rocky mAstances in vohkh they ofte im- 
bedded; that is, if oecurrins^ in limestone, they will be more 
or less calcareous ; if in coal, more or less bituminous ; and so 
on of other substances It must not be supposed, however, 
because a plant or animal is found in limestone, that it 
will be always wholly calcareous, or because it is found in 
coal, that it will be bituminous ; the fact is, that fossils often 
present very irregular characters, the OTganic substance being 
sometimes entirely destroyed, leaving oi^y its cast or impre»- 
sion. But whatever changes they have undergone, they may, 
for the sake of convenience, be arranged into three classes ; 
namely, petrifactions^ converted into stony matter ; bitumi' 
nizations, converted into bituminous matter; and metalUza-- 
tions^ where the substance of the fossil, whether stony or 
l^nminous, is pervaded by some metallic substance. 

FEIRIFACnOIf, BITUMIIfflZATION, AND METALLIZATION. 

113. The process or PEXRiFAcnoir consists in the infiltra- 
tion of stony matter into the pores of bone or vegetables. In 
some instances, the animal or vegetable substam^ haa been 
almost entirely dissolved, and the stony n»itter so graduaJly 
substituted, that the petrifaction presents a perfect resemblance 
in its minutest parts to the original structure. Petrifaction 
has been artificially attempted, by burying bones in mud, 
day, and lime ; wnen it was found that at the end of one 
year the bones had become harder and heavier, and scarcely 
distinguisliable from true fossils. Spings containing lime in 
a state of chemical solution are familiar examples of petrifying 
agents^ when they convert pieceis of moss, straw, twigs, and 
oUier bodies, into limy or caleareQus matter. Lime is one of 

-4he most prevalent pe&ifyii^ i^;encies; but wood is often found 
converted into fiint, or silicified ; and many fossil trees axe 
mere masses of fine-grained sand or quartz. 

114. The organic structure of plants and animals is not de^ 
etreyed bypetrifactiany as has been proved by many experi- 
ments. For example, ^ices of fossil trees have been made so 
thin as to be semi-transparent, and thus show the traces of 
vegetable fibre; and fossil zoophytes have been suspend^ 
in acids till the whole of the lime was dissolved, leavii^ 
the animal tissue distinct in its original Sorav and someiimcs 
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in its original colour. From this it will be perceived that thi» 
structure of the organism always more or less remains, sloA 
forms a basis for the petrifying solution which thoroughly 
pei-vades it, without disturbing the arrangement of those parts 
on which its characteristic form depends. It is this form or 
external character which enables geologists to compare and 
classify fossils with existing plants and animals. 

115. Bituminixation is that process by which vegetablte 
insensibly lose their organic structure, and pass by a chemicM 
process into bitumens ; that is, into inflammable substances^ 
of which coal, mineral pitch, asphalte, &c. are example^» 
Bitiiminization may sometimes be regarded as a sort of 
petrifaction, as when substances not originally vegetable are 
impregnated with bituminous matter, such as fossil fishes 
found in bituminous slate. But bituminization proper is. 
totally diflFerent, and refers only to a certain change which 
vegetables undergo, by which they more or less lose their 
vegetable texture, and are converted into solid or liquid bitu- 
men. To render this more evident by analogy : — If a piece 
of animal muscle be buried in the earth, where it obtains 
sufficient moisture and warmth, and is wholly excluded from 
the air, it is soon changed into a fatty wax-like mass (called 
adipocere, from the Latin, adeps, fat, and cera, wax), in which 
no trace of animal fibre is present. In like manner, if vege- 
table matter be excluded from the air, and subjected to heat 
and moisture, it is gradually converted into a black viscous 
and inflammable substance, called bitumen. This bitumen 
is found in all states of purity : pure and limpid as naphtha, 
oily as petroleum, viscoiis ov slaggy as in mineral pitch or 
asphalte, elastic as in minei-al caoutchouc, and solid as in 
jet, cannel, and common coal ; the latter of which varies ac- 
cording to the quantity of earthy matter mixed up with it» 
Amber and certain mineral resins are also the results of bitu- 
minization. 

116. The process of bituminixation cannot be fully understood 
without a considerable knowledge of chemistry : a few of the 
changes which decomposing vegetables undem) may, however, 
be enumerated. If vegetables are left on the sunace of the 
earth exposed to air and moisture, they soon putrefy, and fall 
down into a black pulverulent matter, called vegetable mould. 
Again, if they are subjected to moisture, and partially ex- 
cluded from the atmosphere, petrifaction does not take place ; 
but a half-bituminous substance is formed analogous to pedt- 
moss. Lastly, if vegetable matter be buried at depths beyond 
the influence of the air, neither mould nor peat is Ibrmed, but 
bituminous matter in. various degrees of purity and perfection 
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laoHained. This process of bituminization has been defined 
as *'a fermentation peculiar to vegetable matter placed in such 
9ituations as not only to exclude the external all*, and secure 
the presence of moisture, but prevent the escape of the more 
volatile principles." Every one is familiar with the kind of 
lermentation which takes place when half-dried hay is thrown 
into a heap ; it gives off heat, becomes black in colour, and 
frequently takes fire and is consumed. It is this heating pro- 
icess which produces the bituminous fermentation when the 
vegetable mass is excluded from the air, and subjected to 
moisture and pressure. Animal remains may be impregnated 
jwith bitumen ; but it is vegetables alone which can be 
inverted into mineral pitch, jet, and common coal; and 
these substances are more or less pure, according as earthy 
matter may be mingled with them. 

117. Metallization is. that process by which fossil remains 
become impregnated with, or wholly converted into, metallic 
substances. The student must be aware that metals can be 
dissolved or held in a state of solution, as well as in 
a state of fusion. In. this state of solution they are borne 
about by the • waters which hold them ; and these waters 
either percolate through the earth, or mingle intimately with 
the substances which compose it. The strata which imbed 
fossils generally contain metallic substances, such as iron ; 
animals and vegetables, when in a state of decay, give off cer- 
tain gases ; water is always present in greater or less abun- 
dance ; and thus the metallic substances, the e;ases and 
water, by chemical union, form compounds, which enter 
thoroughly into the pores of the fossils, and so convert them 
into a metallic, instead of stony or bituminous state. The 
changes thus effected are sometimes partial, the external parts 
of the fossil being metallised, whilst the interior remains stony 
or bituminous ; sometimes the fossil is simply covered over 
with an incrustation of metallic salts, such as iron pvrites ; at 
other times the original elements of the fossil remain thoroughly 
imbued with the metal; wliile not unfrequently the whole 
substance is rendered metallic, every trace of organic structure 
being obliterated. 

118. By these three processes — Petrifaction^ Bituminization^ 
and Metallization — ^have tlie remains of plants and animals, 
which once lived and grew on tiie face of the globe, been pre- 
served in the strata which compose its crust. So complete in 
many cases is thb system of preservation, that the geologist is 
enabled not only to discover their form and structure, but 
to decide with certainty as to their habits, and to say whether 
they were fresh-water or marine, whether terrestrial or 
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Bqualac, idiether they Hvcd aaid flouridied voider a tropical cr 
under a tempentte climate. 

FOSSIL BOIANr AltD ViOLOQT. 

119. Before tiie geologist be qualified to decide as to the 
nature of fossil plants and animals ; before he can classify them 
and compare them with those now existing, or determine all 
tlie conditions under which they must mve flourished, he 
would require to be acquainted with the leading facts of 
botany and zoology. In an elementary work of this kind, it 
would be out of place to enter laigely into the cliaracteristics 
ef these sciences ; but as a certam amount of knowledge is 
necessary to the understanding of subsequent details, we may 
shortly recapitulate the clas^cation «^ plants and animafa 
as generally received among botanists and cool(^[ist8. 

120. Vegetables may be arranged under two grand ^n- 
sions — Cellular and Vascular : — 

I. Cdbda/r — ^without regcdar Teasels, but composed of fibres -nliicli 
•oiaetimes (sross and mteaiaoe each otfa^. Confervn, lichens, fan^^, 
alge (seft-weeds), and mosses, belong to this divisioiL In some of tbne 
fumilies there are no apparent seed oigaas. 

II. Vaseidar—vfiih. vessels which form organs of nutrition and repro- 
duction. According to the arrangement of these organs, vascular plants 
have been divided nito four classes: — 1. Without perfect flowers, and 
with no visible seed organs (on/ptoffcania). To this class many fossil 
plants belong ; sndi as i^igantic tree fems, horse tails, and others re- 
sembling ferns. 2. With flowers, but having the seeds naked (phtntero- 
ganda gynmospermousy. To this class belong the cyoadeee, or pine ap{^ 
tribe, and the conifers, or firs. 3. Flowering plauts with one cotyledcm 
or seed-lobe (nhanerogaima monocoti^Iedotious), This class comprises 
water-lilies, palms, lilies, the sedge, nis, and canes. 4. Flowering plants 
with two cotyled<»is (phametx^mia diootyledoiious). lliis dass com- 
prises aU forest trees and shrubs. None of the families of ptants, bat 
those in this last dasR, have the true woody structure, or produce per- 
fect wood, except the coniferse, or firs ; but the wood <^ these is easily 
distinguishable from true dicotyledonous wood. 

121. Animals, according to Cnvier, may be arranged urto 
lour great divisions — ^Verteiaateo^ MoLLUscx>UBy Artxculaxed, 
and Radiated : — 

I. Vertebrtded—a^maki which have a sknl containhig the brain, and 
s spne or badc-bone containing the principal trunk of the nervoos 
inratein, commonly called the spmal mairow. They have red blood. 
Th]a division oomprehends the Mammalia (those animals which BBoUe 
their you^g), Birds, Reptiles, and Fishes. 

II. MoUusooua — ^animalsin this division have no internal skeleton ; the 
muscles are attached to the skin, which in many species is covered 
with a shell. The uerv&OB system and viscera are composed of detached 
maiMW, miited by nacwm fihanwitn. They have a complete systeBt of 
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, drealatieii, and parUeular organ* fat brea^Uiiag bgr. Animah wilh 
Bivalve, Univalve, and Chambered shells, belong to this division ; thoi^ 
many molluscs, like the common snail, have no shell. 

III. Articulated-^ta this division belong Worms, Crostaceous animals 
like the lobster, and all Inseets. Tkeir nereous system consists of two 
long cords, ranging along the body, and swelling out in different parts 
iato knots or ganglions. Worms having i^ieir bodies composed of rings 
are called aanelides, and ba^ red blood : some species of wonns in- 
habit a cakareons tube, supposed to be formed by exudation. 

IV. Radiated — comprises all those animals formerly called Zoophytes, 
vt anknal-plairts, as eorallinet, &c. In animals of this division, the 
organs of sense and motion are circularly disposed around a centre or 
axk ; hence the tenn radiated, or disposed in rays. They have no dis- 
tinctly-marked nen^ous system, and the trac^ of circulation in many 
iq>eeies can hardly be discerned. Many of the radiata are fixed, such as 
the corals ; others move and float about, as t^ star-fish and sea-urchin. 

122. Besides the above distinctiensy wfakh depend on the 
stractare and form of plants and animals, there are others 
which should constantly be kept in vkw ; namely, those 
depending upon mode of life, climate, and situation. The 
plants of the tropics are very unlike those of polar regions, 
both in number, size, and character; marme plants and 
animals are ess^otially dilRerent from those inhabiting fresb 
waters ; and aquatic plants and amphibious animals present 
a very diiferent appearance from those constantly existing 
upon dry land. Each race of plants and animals is, more- 
over, pmectly adapted for the functions it has to peHbrm 
in the economy of nature; and is i^mished with peculiar 
oi^gans, according to the kmd of ^d upon which it lives, 
snd the other habits it displays. Thus, one set of organs 
indicates swiftness, another strength^ a third prehensile or 
seizing powers, a fourth climbing, leaping, or swimmii^ 
powers, a fifth that ihe animal lives on roiota, <m. herba^, 
or on the flesh of others. 

123. As in the vegetable and arnmal economy of the present 
dayy so in all times past ; and thus the geologist, by analogy 
and comparison, is able to decide as to the character ^of me 
fossil plants and animals which he discovers. He finds in 
their characters and skdietons a key to the modes of their 
existence, and can tell with precbion whether they lived in 
the waters or on dry land, in fresh or in salt water, in a cold 
or in a hot climate ; whether animals browsed upon plants 
or lived upon other animals, whether thejr are famished 
with oigans indk^ating an amphibiotis existence; and in 
general c^m determine their character and modes of exis- 
tence. Moreover, as certain classes of plants and animals indi- 
cate certain conditions of the world, the geologist will be 
enabled by their remains to ded^er the piut h^iy of our 
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globe, and so arrive at that which is the aim and object of all 
true geological research, 

EXPLANATORY NOTE. 

Petrifactions are, in general, described according to the mineral 
substance which enters most abundantly into their composition. If 
it be lime, then they are designated caloareotts (Lat., oo^, lime) ; if 
flint, siliceous or silicified (sUex, flmt) ; and so on of other minerals. 

Bitumen (Gr., pituSf the pitch tree) — a variety of inflammable 
mineral substances, wluch, like pitch, bum with flame in the open air. 
Naphtha, petroleum, and asphaltum, are familiar examples ; and all 
substances impregnated with these bitumens are said to be biiuminotts. 
As mentioned in the text, it is the prevalent opinion that all bitu- 
minous matter is of organic or vegetable origin. 

Bituminous fermentation. — All vegetable matter is liable to cer- 
tain states of fermentation, according to the degree of heat, air, and 
moisture to which it is subjected. These states have been successively 
described as the saccharine, vinous, acetous, septic, and bituminous. 
For example, the saccharine is that which manifests itself in the operar 
tion of malting and in the ripening of fruits ; if water and heat bo 
applied, it passes into the vinous, or that by which wine and spirituous 
liquors are formed. Again, if, while the vinous is going on, air be par> 
tially admitted, the acetous, or vinegai^forming fermentation, will be 
produced ; and by further exposure of the vegetable matter to the air, 
ft will pass into a mass of earth and carbon : this fits it for the septic, or 
putrefying process ; but if air be excluded, and heat, moisture, and 
pressure be present, the bituminous will be the result. By a knowledge 
of these processes, it is easy to understand how malt, wine, vinegar, 
vegetable mould, and coal, are respectively formed. 

Adipocere (Lat., adeps, fat, cera, wax) — a fatty substance produced 
by the decomposition of the flesh of animals in moist situations, or 
under water, resembling, in some of its properties, a mixture of fat and 
wax. It is found in damp grave-yards, in peat-bogs where animals 
have been accidentally entombed, and is also occasionally thrown up 
on the sea-shore after a storm. It has a chalky aspect, a soapy feel, a 
inflammable, and swims in water. 

Fossil botany and zoology. — The animals peculiar to a country 
constitute its Fa/una, and the plants its Flora, The terms are re- 
spectively derived from the Latin Fauni, rural deities, and i^nz, the 
goddess of flowers. As naturalists speak of the existing Fauna and 
Flora of any country, so geologists speak of the fossil Fauna and fossil 
Flora of certain geological epochs and formations. 



CLASSIFICATION OF ROCK FORMATIONa 

124. The subjects treated in the preceding sections may be 
regarded as introductory to the study of Descriptive Geology ; 
for, without a knowledge of them, it would be impossible to 
comprehend the nature of the changes which our planet has 
liitherto undergone. Those changes are indicated by certain 
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eharacters stamped upon the rocks which constitute its crust 
—characters ohviously analogous to such as are now produced 
by causes in active operation around us. It was necessary, 
therefore, to leaiii something of the existing structure and con- 
ditions of the globe, and of the causes — ^mechanical, chemical, 
and vital — which are modifying these conditions, in order that 
we might be enabled to reasodi from what is recent and appa- 
rent, to that which has taken place at more remote periods. 

125. The term rock is applied by geologists not only to those 
hard substances iisually called so, but also to all sands, clays, 

f ravels, and marls which occur in beds, strata, or masses, 
t is also used to denote a collection of such substances: 
thus, we say the " rocks of a country ;" or, speaking more 
definitely of any mineral series, we say the Chalk rocks, the 
Carboniferous rocks, and so on. The rocks which compose 
the crust of the earth, though varying much in mineral cha- 
racter, as well as external appearance, occur either In masses, 
or in series having a close resemblance to each other ; so much 
so, that geologists conclude that certain series have been 
formed under similar circumstances. This opinion is further 
cbnfirmed by the fact, that certain series of strata always 
iihbed fossils of a diflFerent character from those contained in 
any other series ; hence the origin of rock classification. 

126. Leibnitz, in 1680, divided rocks into two great classes — , 
Stratified and Unstratified — ^the latter being the result of 
igneous fusion, and the former that of aqueous solution. This 
distinction, though of importance at the period to which we 
refer, was still of little avail in deciphering the history of the 
earth, as unstratified rocks are mingled. with the highest as 
well as with the lowest strata ; and as, moreover, the stratified 
rooks difi«r essentially from each other, and often contain 
very different fossil remains. Lehman, a German mineralo- 
giist, next proposed to divide the stratified rocks into — 

Primitive — ^those containing no fossil organic remains. 
Secondabt — ^those containing remains of animals and vegetables. 
Local — those but partially occurring in different districts. 

127. Wernery the great German geologist^ improved upon this 
classification, and divided all rocks into Primary, Transition, 
Secondary, and Local. The term Transition was added by 
Werner, as implying that the rocks so called esdiibited a 
passage from the primary into the secondary in regard to 
their mineral character, and also that the earth was chang- 
mg from an uninhabitable to an inhabitable state during the 

Seriod of their formation. Subsequently, from the fossil 
iscoveries of Cuvier and others, a more definite idea was 
attached to the term Local, and the word Tertiary was 

E 
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tmphytd to denote aU thoee reg^alarlj strstified bods which 
oecur above the Chalk atrata. These diTistons— Primai^y 
Traiisition, Secondary, and Tertiarf — ^though liable to many 
objections^ are still more or less m nse by geologists ; hence 
the following classification of the stratified rocks which com^ 
pose the crust of the earth :•— 

SuPEitFiciAL ACCVMiTLATioirs— an looie and inregolariy deposited 
mSMes of olay, sand, grarel, and boolcter stones. 

TEBTiAftT— local deposits of regolar strata, eoatafadng remains of 
plants and animakj not diffeiuig wid<4y from those now inhafait* 
ing the g^obe. 

Seoondart— strata of ohalk, clay, and shale, red and white sand- 
stones, coal, ironstone, and limestone — oconrring in many parts 
of the world, and containing fossil plants and animals of oiiFe- 
lent spedes from those now existing. 

TBANSiTioif— strata of sandstones, shales, slates, and limestones— 
oontdlning few or no fossil plants, and the remains of no hig^Mr 
animals than crostaoea, shell-fish, corals, and corallines. 

PRIMART— slaty and crystalline strata^ very hard and compacti 
and totally told of or;^io remains. 

128. As geologists became letter acquainted with the sue- 
cession of the stratified rocks, a more minute subdivision took 
plaoe, and these formations have been found to consist of 
systems, series, and groups of strata differing considerably 
from each other. Thus the term formation ia implied to 
designate strata which seem to have been formed under nearly 
simUar circumstances. A formation may consist of several 
systems — that is, strata having nearly the same mineral and 
fossil character; and there may be several groups in a system^ 
such as a sandstone or limestone grou^. All these groups 
consist of strata which, according to their thickness or exter- 
nal appearance, are designated beds, seams, layers, schists, or 
slates. Bearing these terms in mind, the student will be 
prepared to understand the following table of stratified rodks 
as they occur in the British islands :— 

XiBLB OP ERmSH DBP0BI1S. 

Soil — decomposed vegetable and animal matter, 

with earthv admixtures. 
Allttvium — deposits of sand, gravel, and day, 

formed by the ordinary action of water. 
DiLUViUH — deposits or gravel and day with 

boulders, formed by unusual operations of water. 
'CBACfr— calcareous conglomerate of marine sheUs 

and gravel ; beds of marL 
Frbsh-watbk, or estuart bbds— connsting of 

marls, imperfect limestones, and days. 
Marinb bbds — oonsistinff of blue and plastic days, 

thin beds of sand, ligmte, te 
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NewJted 

Sandstone, or 

SaUJmms 



Cafvon^etOHS 



(XdHed 



Samym 

SyttOMm 

OroMwadee 
System, 

daj/Slale 
i^stem, 

MicaSchdd 



Chmn 
Si/dem. 



'Chalk— 4olt and wMte^ irHh layers of flint ; chalky 

hard, and without flints. 
Gault, or beds of bluish marly clays, with green 

saad. 
Gbsbn-sand — ^beds of green ferruginons sands, with 

chert nodules. 
''Wbaij>en oboup— beds of olay, ai;g^I]aceoii8 limo- 

stones, and sands. 
OoLiTS— beds of oc^te limestone, caloafeoos grits, 

sands, and clays, all caloareou& 
Lias gboup — bluish days, alum shales, marls, and 

limestones, all finely stratified. 
Salifkbovs MABLSt— Tarioated shalevi and shell 

limestone, with bands oisandstone. 
Bed SAifDSTONE aBOUF-^fine-gralned, sometimes 

conglomerate. 
Maonesian LIMEST0N1&— thick-bedded limestones 
. and calcareous conglomerates. 
Goal XEASURE^-^ilteniating beds of coal, shale, 

ironstone, and sandstone. 

GARBONIFSftOUS, OB MOUNTAIN LIMESTONE— tilick- 

bedded grayish limestones and shales. 

Galcifebous SANDSTONES — white, thick-bedded 

^ sandstones, and calcareous shales. 

'Yellow sandstones, wiUi beds of mottied shales 
and mark. 

Red SANDsioNES—flometimes fine-gralBed, some- 
times quartzose and conglomerate. 

GbAT OB BUSTY-COLOUBED SANDSTONES— micaCeOUS, 

and often m flags or thinrbedded« 

' Upper silurian rocks— gray and bluish limestones, 

with ookmred micaceous shales. 
LowEB siLUBiAN rocks— impure shelly limestone, 
mottled sandstones, dark calcareous flags. 

fHABD ABGiLLACEOUS rocks — ^thlck-bedded sand- 
stones, slaty sandstones, and limestones. 
PiNB AND OOARSB-GBAINED slsty rocks— gray mica- 
ceous dates. 

'Glat-slatb — ^finely laminated; dark, liver, and par- 
ish-coloured. 
Hornblende and chiastolite slates, finely lami- 
nated. 

PGhlobite slates— greenish-coloured slates, with 

-j mica, mica schist, talc schist^ crystalline lime- 

V. stone, and quaartz rock. 

C Gneiss bocks— intermingled with irregular beds 
of quartz rock, crystiuline limestone, and mica 
schist. 



1 



To assist the student in fbnning an idea of the suc- 
cession of these formations and systems, the stratified 
rocks are more summorOy arranged ia the following 
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Vegetable SoiL 

Alluvial Clay, Sand, and GraveL 

Diluvial Clay with Boulders. 



Sandstone and Calcareous Grits. 
Estuary Marls, Limestones, &c.. 
Blue and Plastic Clays, Marls, &c. 




Chalk Beds and Green-sand. 

Oolite Limestones and Grits. 

Lias Limestone and Shales. 

Saliferous Marls, Shell Lime- 
stone. 

New Red Sandstone. 

Magnesian Limestone. 

Coal Beds alternating with 
Sandstones, Clay-shale, 
Ironstone, and impure 
Limestones. 

Mountain Limestone. 



Old Bed Sandstone. 

Silurian Limestones, &c. 
Grauwacke, Sandy Slates. 



Clay Slates. 

Mica and Talc Schists. 

Gneiss Rocks, &c. 

Granite. 



m¥:^rm^ 
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129. The unstratified or igneous rocks occur in no regular 
succession^ but appear amidst the stratified without order or 
arrangement ; heaving them out of their original horizontal 
positions, breaking up through them in volcanic masses, and 
sometimes overrunning them after the manner of liquid 
lava. From these circumstances, they are in general bet- 
ter known by their mineral composition than by their 
order of occurrence. Still, it may be convenient to divide 
them into three great classes ; granitic, trappean, and volcanic 
—granitic being the basis of all known rocks, and occurring 
along with the primary and transition strata ; the trappean of 
a darker and less crystalline structure than the granitic, and 
occurring tlon^ with the secondary and tertiary rocks ; and 
the volcanic still less crystalline and compact, and of compa- 
ratively recent origin, or still in process of formation. Classi- 
fyins; the stratified and unstratified rocks after ihis idea, tl^y 
would present the following tabular arrangement : — 

UnstraU/iecL Associated withy 

VOLCANIC ^Superficial accumulations— boU, aUavinm, di- 
l luviam. 
'Te&tiart — crag, fresh-water marls, London and 

plastic clay. 
- Secondary— chalk, oolite, lias, new red sandstone, 
coal measures, mountain limestone, old red sand- 
^ stone. 

'Transition— silnrian and grauwacke rocks, concre- 
tionary limestones. 
Primary — clay-slate, ciystalline limestone, mica 
^ schist, quartz, and gneiss rocks. 



TRAPPEAN. 



QRANinc. 



This division of the igneous unstratified rocks subserves many 
useful purposes in geology ; at the same time that it is a dis- 
tinction warranted oy the nature, aggregation, and aspect of 
their component minerals. The granitic, so named from their 
distinctly granular and crystalline texture, comprise granite, 
syenite, protogine, primitive greenstone, serpentine, porphyritic, 
and other varieties of granite. The trappean ( Swedish, "trM)pa," 
a stair) are so called from the step-like or terraced sides of 
the hills formed by these rocks, which include basalt, green- 
stone, clinkstone, claystone, trachyte, porphyry, and amygda- 
loid. The volcanic, as the name implies, are those products 
discharged by recent or active volcanoes, such as lava, obsidian, 
scoris, pumice, and tufa. As associated in the crust of the 
earth, the Unstratified and Stratified rocks would present 
something like the annexed section :— 
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190. It mu»t rwt he suppwed, AowetMr, that the ttroHfied mdbv 
always occur in any portion of the earth's cmst in fnll and 
complete succeaston, as represented ahove; all that is meant 
is, tnat such would be their order if «very group and forma- 
tion were present But whatercfr number ^ groupt may be 
pr es en t, they nerer ha|^en out of their regular order <^ succes- 
sion ; that is, clay-slate never occurs above coal, nor coal ahore 
chalk. Thus at London, tertiary strata occupy the surfoee ; 
in Durham, magnesian limestone ; in Fife, the coal mea- 
sures ; and in Perthshire, the old red-atone and clay-slate ; so 
that it would be fruitless to dig for chalk in Durham^ for 
magnesian limestone in Fife, or for coal in Perthshire. It 
would not be absurd, however, to dig for coal in Durham, 
because that mineral underlies the magnesian limestone ; or for 
old red sandsUnie in Fife, because tioat formation might be 
naturally expected to occur under the coal strata of that 
county, in we regular order of succession. To make this 
order of succession still pkdner, suppose the xodc systems to 
be represented by series of figures, we might have — 
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Any member of the series may be absent ; but those that 
remain never occur out of their natwal order <^ suprofcsitum, 

wofUMsaoax voa. 

Classification of bocks.-— Other "SytUna at CUmOAetiln** tlMa 
tin above bsve from time to time been adrsioed bj geologisti ; bitt •■ 
■MMt of them an founded apoa some i^voarite theory, or upon mow 
looal data, they have not met with anything like a general reoeptiott. 
It may be neoeaiary, howeTer,to notice some ot the cuttinctions which 
oocor in the woriu of certain modem authors. Conybeare and Philip 
In their Geology of Engbuad and Wales, diride the stratified cnist into 
the following orders : — 

L Superior— contnining fhB Tertiary deposits. 

S. Siqtermedka— o o m pMag fheoludk, oolite, sni x 

S. Medial.~^am9KUb4S tte sial measnn 



4. SiOmedial-iiooiaixdng the Tnuultion strata. 

5. Ji|Arloi^-«in%raei]igsfltliePrlniitfTeiennattas. 

Othem have proposed to divide the crust into five great formations ; 
namely, CoBuvkd, Cretaceom, CarboniArouSf St^Mon, and CryOdBiite; 
each <n these formations befaig sabdirided into tteee systems. Si^ 
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diTided in this manner, the oarboniferous and cretaceous would present 
the following arrangement :— , 

Supercrdaceous—j^lBstic clays, maxls, and lignite beds (Tertiary). 
Cretaceous— chalk, chalk marls, and green^sand. 
Subcretaceous— weald, oolite, uid lias strata. 

;S<ui)ercar&(m{^ouf— variegated marls, red sandstone, and magnesian UmestoiM. 
Carbonifer<nu—coal measures, millstone grit, and mountain limestone. 
Subcarboniferotu— old red sandstone. 

The rocks of the stratified crust, divided and subdivided in this manner, 
are easily remembered ; the arrangement, moreover, beingf one which 
is warranted by actual observation. The term fossiUferous is commonly- 
employed to denote all those formations in which fossils have been 
found ; aad nonrJbssUiferous, those, like the mica schist and gneiss, in 
which no organic remains have yet been discovered. Metamorphtc ia 
sometimes applied to those non-fossiliferous systems, implying that the 
strata have been so metamorphosed by heat, as to obliterate all traces 
of fossil exuviae. Mr Lyell divides the Tertiary strata into four groups ; 
namely, JEocene, Meiooene, Pleiocene, and Pleistocene ; these terms indi- 
cating the approach which the imbedded fossils make to existing 
nature. For example. Eocene (Gr., eos, the dawn, and hainos, recent), 
indicates those strata in which the dawn or commencement of recent 
animals takes place ; Meiocene (meion, less), less recent ; Pleiocene 
(pleion, more), more recent ; and Pleistocene (pleiston, most), most re- 
cent, or approaching nearly to existing orders. Instead of Stratified 
and Unstratified, or Sedimentary and Igneous, some geologists make use 
of the terms Neptunian and Plutonio—4,h.e former being derived from 
Neptune, the goa of the sea or water, and the latter from PUiiOythid god 



GRANITIC BASIS OP PRIMARY STRATA. 

131. We commence our investigation of the earth's crust, 
by describing the lowest or earliest formations of strata. Some 
geologists in their descriptions begin at the surface, and pro- 
ceed downwards; but it is certainly the more natural and 
intelligible method to commence witn the lowest, and proceed 
upwards — seeing that the lowest have been deposited first, and 
that each succeeding formation must have been formed from 
the disintegrated materials of those which preceded it. 

132. Whatever may have been the origin oftheglohe^ we are 
warranted in statine that oranitic bocks form a solid crust 
or basis upon which all the systems of strata rest. These 
eranitic rocks show no traces of stratification ; they are all 
highly crystalline ; none of their crystals are water- worn ; and 
from these circumstances, as well as from the fact that we 
find them bursting up through, and displacing tlie primary 
strata^ it is concluded that they are of igneous origin. If ever 
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this globe was in a fdsed state^ as has been sopposed by many 
philosophers, the granitic crust is such as would be formed by 
cooling down of the igneous matter. Cooling and contract- 
ing irregularly, it would assume an unequal sunace ; here forc- 
ing itself up into considerable heights, and there sinking into 
hollows; the highest granitic mountains bearing no greater 
proportion to the size of the globe, than the blisters and scorie 
on a smelting furnace do to the liquid mass upon which they 
are formed. 

133. The composition of granitic rocks is somewhat varied. 
Granite proper is composed of cryst^ of felspar, quartz, and 
mica ; is generally of a grayish colour ; but is sometimes red- 
dish, from the oxide of iron contained in the felspar. When 
the dark glistening mineral hornblende takes the place of the 
mica, the rock is known by the name of Syenite, from Syene 
in Egypt, where it is found in great abundance ; and when 
talc supplants the mica, the admixture of felspar, quartz, and 
talc, forms the Protogine of French geologists. Sometimes 
it is formed by an admixture of quartz and hypersthene, with 
scattered crystals of mica, and is then called hypersthenic 
granite; or it may assume a speckled and mottled appearance^ 
from the presence of variously-coloured minerals, such as 
chlorite, and is then called serpentine, from the fanciful re- 
semblance it bears to the serpent's skin. Porphyritic granite 
is also of common occurrence ; that is, when, in addition to the 
crvstals which compose the general mass, larger crystals of 
felspar are indiscrimmately mmgled through it. Occasionally, 
the minerals in granite are so arranged as to bear a resem- 
blance to the lines in Arabic writing ; hence this variety is 
known by the name of graphic granite. 

134. Besides the above varieties, there are other distinctions 
in use among geologists, according to the colour and composi- 
tion of granitic rocks. Felspar, quartz, mica, hornblende, and 
hypersthene, are the most abundant constituents; but the 
aspect of the mass is sometimes modified by the partial ad- 
mixture of other mineraLs, especially actynolite, chlorite, 
talc, schorl, and steatite. When only two minerals form 
a granitic rock (as felspar and mica), it is called a binary 
granite; when three (felspar, quartz, and mica), a ternary 
granite ; and when four (quartz, mica, felspar, and hornblende)^ 
a quaternary granite, 

135. The structure of granite is always massive and irregu- 
lar ; its texture is of various degrees of fineness, from a har<t 
and close-grained rock, to a coarse and loose aggregation of 
primary crystals. 

136. The position and reiation of granite to the primary 



y Google 



74 OBOLOor. 

strata is exceedingly irregular. Sometimes it rnes up ia 
monntain masses (m m), at other times spreads out as an 
undulating flo(»r or basis (6 6), and not unnequently breaks 
through uie unatratified rocks in Yeins (v « « « o) of tbe 
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most fantastic description. From these facts^ there can be 
no doubt of its igneous origin ; and the stu^t will there- 
fore be prepared to find itl like all other igneous rocks, 
occurring amid the stratified formations at yarious periods 
of the earth'is history. Generally speaking, it is associated 
with the primary and transition formations^ just as trap 
rocks are usually associated with secondary and tertiary 
i^rata, or as Toicanic products are mingled up with the 
superficial accumulations now in progress ; but ihe stu- 
dent is not on this account to suppose that granite may 
not also be found in ocmjunction wiin secondary or tertiary 
strata. 

Id7* The geographical dUtributUm of granitic rocks is Tery 
general ; they form many of the most extensive mountain 
ranges in the world. The Grampians in Scotland, the Cum- 
berland and Ck)mwall hills in England, the Wicklow moun- 
tama in Ireland, the Alps in Switzerland, the Pyrenees in 
Spain, the Dofiafelds in Norway, the Abyssinian and otho: 
A£ican ranges, and the Andes in South America, are all 
more or less composed of rocks partaking of a granitic 
character. 

138. The physietd geography of a gratdtio diHrict u bv no 
means remarkable for its fine scenery. Where the rock is 
floft, the hills have a heavy rounded appearance, and are 
only peaked and irregular in outline where it is hard, and 
fianked by stratified rocks. Formia^, in general, very lofty 
hills and elevated table-lands, granitic districts present a bleak 
and iMuren landscape^ which is rendered still more so by the 
fmow-clad peaks of the loftier mountains. 

199. The eoonamioai uses to which granitic rocks and their 
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products are applied are 1>y no means nnimportant. Compact 
granite, from its extreme hardness, is largely employed in the 
constmction of docks, liffhtiionse foundations^ ondges, and 
other structures where duiabillty is the object in view. 
Waterloo Bridge iu Lcmdcm, the IdTerpool and other English 
docks, are built of Aberdeen granite. Ix is the ordinary build- 
iMf stone in the city of Aberdeen. The pyramids, Pompey's 
piUar, and other anci^it Egyptian structures, are composed of 
it, as are also many monumental erections in our own countiy. 
Within these few years, the red granite of Peterhead, in Scot- 
land, has been brought into use as an ornamental stone ; and 
machinery has been erected to poUsh it like marble, to which 
many prdfer it for chimney slabs, vases, pedestals, &c. Mica 
and talc are sometimes found in crystals more than a foot 
square ; when of this size, they are split up into thin plate^ 
and, &om their transparency, used in some countries as a sub- 
stitute for glass. Talc, by the Russians, is thought preferable 
to glass for ship li^ht, as it is not apt to be broken by tiie 
firing of cannon ; it also stands a higher degree of heat than 
glass without splintering. Some varieties of felspathic and 
talcose granites are easily decomposed by exposure to the at- 
mosphere, and in this state produce a fine impalpable powder 
of silica and clay, of great use in the manumcture ot porce- 
lain. Mosaic tessene, buttons, and artificial gems. The clay 
from decomposed felspar is known in China by the name of 
ktMny and ii used by that nation in the manufacture of 
their finest china. According to Dr Boase, upwards of 12,000 
tons of decomposed felspar (Gomi^ clay) are annually ex- 
ported from Cornwall to the Englidi potteries. 

XZFLAlf AIO&Y NOn. 

O&nfinc onovp.— To the many varieties of tUs ^ap Mr LyeD 
apphea the ttxm hMogem rodct (Qt., hfpo, under, and gmomai, I am 
fonned) ; that is, neuier, or nnder-fomied looka. This teim he emidoys 
to afvoid any theory aa to the ongin of granite ; bat it haa not been 
generally adopted, the prevalent belief beings aa mentioBed above, 
ihat granite la of igneooa origin ; that it haa resulted firom the gradual 
oooli^g down of the globe while in an incandescent state ; and that it 
thwefore fonns a basis for all the stratified systems. 



CfflEISS AND MICA SCHIST ST&rnSBfS. 

14d. Befi)Te describing the primary rocks^ it is necessary to 
advert to a general fiid^, applicable to the character of eJl 
stratified finrmations. SUiceovu, argillaceous, calcareous, and 
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carboniferous compounds, may be said to constitute the solid 
crust of the globe ; and these compounds differ in their 
appearance and mode of aggregation according to the order of 
their occurrence. For instance, the siliceous rocks of the 
primary strata are compact and crystalline ; in the secondary 
they are less compact, lose their crystalline appearance, and 
become sandstones of various degrees of fineness ; in the ter- 
tiary they are often so soft in their texture as to be called 
sands ; while in the superficial the;^ are merely loose accumu- 
lations of sand and gravel. So it is with the argillaceous 
rocks — from the compact and glistening clay-slates of the 
primary, through the slaty shales of the secondary, and the 
laminated clays of the tertiary rocks, up to the soft plastic 
clays of our alluvial valleys. As with the siliceous and 
argillaceous, so with calcareous and carboniferous; hence a 
table may be formed exhibiting these gradations : — 

SUiceous, Argillaceous, Calcareous. Carbomferous, 

Sand, Alluvial Clay, Marl, Peat, 

Sandstone, Laminated Clay, Chalk, Lignite, 

Grauwacke, Slaty Shale, Limestone, Brown Coal, 

Quartz Rock. Clay-Slate. Crystalline Marble. Common CoaL 

Thus, as we descend into the crust, the mineral ingredients of 
the stratified rocks assume different degrees of aggregation, 
gradually becoming harder and more compact, till ultimately 
they present a crystalline texture scarcely distinguishable 
from the granitic basis. 

141. The composition of the primary strata, like that of 
the granite on which they rest, is often modified by the pre- 
sence of peculiar minerals; though felspar, quartz, mic% 
talc, hornblende, and chlorite, constitute the greater portion 
of their mass. Gneiss^ or the oldest system of stratified 
rocks, differs little from true granite in its mineral composi- 
tion, except in as far as regards the aggregation of the simple 
minerab. In granite, the crystals of felspar, quartz, mica, 
and hornblende, are entire and distinct; in gneiss, their 
angles and faces are broken and water-worn. In granite, 
there are no traces of a laminated or stratified structure ; in 
gneiss, this structure is evident, even where the strata are 
most indurated and contorted. All this attests the aqueous 
origin of gneiss — ^that it must have been deposited in water^ 
and that it is composed of the disintegrated minerals of un- 
stratified granite. 

142. The stratified structure which is sometimes confused and 
indistinct in gneiss, is much more apparent and regular in 
mica schist. The particles of the latter are more water-worn. 
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and the abundance of fragmented mica gives its lamination a 
de^ee of parallelism not to be found in the former. Both, 
however, are frequently seen passing into each other, thus 
rendering it difficult to distinguish where the one system ends 
and the other begins. Passing over these dubious strata, the 
mica schist system is composed of alternations of mica schist, 
talcose schist, chlorite schist, hornblende schist, quartz rock, 
primitive or crystalline limestone, with occasional beds of 
clay-slate in the upper part of the system. Independently of 
their stratification, the mica schist rOcks distinctly indicate, 
by their texture, that they have been formed by the action 
of water. The particles of which they are composed are 
more broken and rounded than those of gneiss — a circumstance 
arising from the fact, that they were partly derived from 
granite and partly from gneiss, which must thus have under- 
gone a double process of attrition. The following engravings 
are intended to represent the external appearance of granite, 
gneiss, and mica schist — the first composed of distinct crystals, 
and showing no traces of lamination ; the second irregularly 
laminated ; and the third finely and regularly laminated. 




Granite. Gneiss. Mica Schist 

143. Gneiss and mica schist differ little from granite, and 
still less from one another, in their mineral composition; 
showing clearly that it is chiefly in the degree of attrition 
which the original minerals have undergone, that their external 
differences consist : — 

Granite — of felspar, quartz, and mica ; felspar, quartz, hornblende ; 
felspar and hornblende ; or it may be of various combinations of these 
simple minerals. 

Ctneiss — of felspar, quartz, and mica ; occasionally with hornblende 
and garnets in it. 

Mica schist— of mica and quartz, with hornblende and garnets con- 
tained in it. 

Talcose schist — of talc and quartz, and differs only in this respect 
from mica schist. 

Chlorite schist — of chlorite and quartz. 

Hornblende schist — of quartz and hornblende, occasionally with 
actynolite. 

Quartz rock generally contains hornblende or mica irregularly im- 
bedded in it. 

The particles of the primary strata are indefinite both as to 
size and arrangement^ — some are fine and close-grained, others 
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are conglomenite and ooarae ; Jmt all bear «Tident traeas of 
their aqueous origin. 

144. There it nothing Wee a regular order ef etieeeeeiem 
among the primary strata. It may be stated generally, how- 
ever, that gneiss miderlies the mica schist ; that mica and other 
crystdline schists are the lowest in the system; and that 
quartz rock, {mmitiye limestone, and clay sdiist, make their 
appearance towards the upper part of the series. Stratification 
is sometimes obscure, and not very persistent; that is, any one 
stratum is not found stretching over a great extent of country, 
as is the case with the secondtury rocks. A seam of coal will 
often be £ound stretching over ten or twelye miles of country, 
without much difierence either in quality or thickness ; but 
in the primary eystems, the strata thicken, thin out, and dis- 
appear m a very capricious manner. In absence of anytiiing 
luce a charact^nstic section, the following rocks may be men- 
tioned as constituting the great bulk of the primary forma- 
tion : — Gneiss, mica schist, talc schist, chlorite schist, shorla- 
ceous schist, stea schist, homblaide schist, actynolite schist, 
quartz rock, crystalline limestone, homstone, and protogine. 
Most of these rocks pass insensibly into each other, and thus 
manjr compounds are formed of which the stud^it can only 
obtam a knowledge by the study of actual specimens. 

146. No organic remaine km>e pet been dieeowred in the 
gneiss or mica stAist systems ; and H life, either in a vegetable 
or animal form, existed at the time these rocks were depo- 
sited, it must have been exceedinglv rare, and confined to a 
few limited points on the earth's surmce. (See note, p. 80.) 

146. As to the origin of the gneiss and mica schist systems, \t 
is abundantly evident that uie materials of which thev are 
composed were derived from the underlving granite, li has 
been stated that this rock forms a solid and irregular basis, 
on which aU the sedimentary strata rest ; and if um be tru^ 
it is evident that its surface must have been partly under 
and partly above water, and subject to tiie degrading in- 
fluence of atmospheric, aqueous, and chemical agencies. 
Moreover, if the granitic crust was fi>rmed by the cooling 
of an originally fused globe, the waters resting in the hollows 
must have been heated to a high degree, and the air must 
have been loaded with vapours. All this would farther 
tend to hasten the degradation of the granite ; the runnels and 
streams would carry down the loose particles, laying down the 
heavier first, and carrying out the l^hter aSod smaller to 
deeper water. In process of time the loose matter would get 
consolidated by the pressure of its own mass ; the high tempe- 
rature then pervaoing Ihe globe, t<^ther wkh chenucol 
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agMMf^T) would aanst in prodndbig tibe cTygtftlline tgxtore ; and 
thus a yariety of schistose rocks might be fonned at (me and 
the same time. That a high temperatare existed dnrii^ the 
feimatioD of the primaiy Tockt^ we hare ample eyidence, not 
<mly in their hard and crystalline texture, and in the absence 
e£ all oigank remains^ but in the occurrence of certain 
nuBeraky such as garnet, whose presence denotee that the 
rocks in whidi it is found have experienced a degree oi heat 
sufficiently high to form such a fusible mineral^ but not 
oMmgh to mett the other constituents of which they are 
composed. 

1^. The igneout rodes associated with the gneiss and miea 
sdnst systems are, aa may be anticipated, the granitic on which 
thejr rest, and from which their matenieds haye been directlv 
daxved. Sometimes the granite is in immediate contact with 
the gneiss, so much so, as to render it matter of difficulty to 
say where the one ends and the other b^;ins ; at other tunes 
it touches the mica schist, ot, it may be^ passes through boili in 
the form of dykes and yeins. Later igneous rocks, sudi as 
porph^/ry, menstone, and serpentine, are fre^ently found 
trayersing the gneiss and mica schist in dykes and protruding 
masses ; and occasionally, still more recent effusions of tiajp 
are foimd passing through the primary strata, with their 
associated dykes and yeins of granite. Metalliferous yeins are 
not of frequent occurrence in the primary strata of the British 
isles, though they are found in those of central and northern 
Europe. Thermal springs are perhaps still more rare, though 
abundant enough in the gneiss and mica schists of other 
countries. 

148. The extent of country occupied by the primary strata is 
yery great, although as yet but imperfectly ascertained. 
They occur abundantly in tne Highlands and idands of Scot- 
land, in the north of Ireland^ along the flanks of the Pyrenees^ 
the Alps, the great mountain chsuns of northern Europe, in 
Asia, m Ceylon, in Africa, and in America, particularly in 
the Brazils and the United States. 

149. The physical aspect of primitive districts is bold, rug^, 
and unfertile. Thrown into lofty mountains by the granite, 
and into abrupt and yertioal posititMis, it is chiefly among 
gneiss and mica schist that those deop glens and abrupt 
precipices occur which giye the welf-known picturesque 
effect to Highland scenery. The student will readily per- 
ceiye how thra effect is produced, when he considers the 
hardness of the rocks, and the highly yertical and contorted 
positions into which they are thrown ; whereas in secondary 
zonnationfl^ the position is in general flatty, and the strata 
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80 softy that they cannot present the same rugged and ahrapt 
appearance. 

150. The minerals of commerce derived from these systems 
are by no means numerous. Several of the metallic ores, sudh 
as tin and copper, occur in veins traversing these strata. The 
limestones, from their highly crystalline texture, in general 
produce valuable marbles ; but none of the other rocks are of 
use for architectural purposes. Potstone, or the lapis ollaris 
of the ancients, of which very pretty jars and vases are 
manufactured, is found in stea schist. Amianthus, or flexible 
asbestus, occurs among the mica schists, and is sometimes used 
in the manufacture of fabrics which are indestructible by %e. 
The garnet is a well-known precious stone ; and many of tkm 
most valuable are found in the rocks of this system. 

151. It may be stated generally of gneiss and mica schist^ 
that they are the oldest sedimentary rocks, and rest upon 
masses which owe their origin to heat ; that they are totally* 
different from other stratified rocks, inasmuch as their par- 
ticles have not undeigone so much attrition, and likewise aa 
they have been subjected to a higher degree of heat ; that> 
they are destitute of organic remains, and therefore afford no 
evidence of habitable dry land ; and lastly, that they ar^ 
spread over so great an extent, as to be considered almost 
universal. 



BXPLANATORT NOTE. 

Siliceous (Lat., sUex, flint) — all rocks having a flinty texture are said 
to be siliceous. Quartz is the purest form in which silex occurs. Wbsn 
grains of quartz are loosely aggregated, as in some sandstones, the 
rocks are said to be quartzoae, or gritty. , 

Argillaceous (Lat., argillat cuiy) — crocks composed of clay, or hav- 
ing a considerable portion of clay in their composition, are said to be' 
aigillaceous. 

Calcareous (Lat., calx, lime)--comp08ed of^ or oontainhig a consi-^ 
derable portion of lime. 

Carboniferous (Lat., carbo, coal, or charcoal) — crocks containing 
coal, or associated with coal, are said to be carboniferous. Carbonor 
ceous is applied when traces of carbon appear intermingled with their 
texture. 

Schist (Gt., sehigma, a splitting or division) — applied to rocks easily 
split up into slaty-like plates or divisions, as mica schist. 

Gneiss and mica scHisx.—It has been already stated, that to these 
systems Mr Lyell applies the term metamorphiCf meaning thereby that- 
they have undergone a metamorphosis, or change, in their sedimentary 
character, so as firequently to be mistaken for true igneous or granitic 
rocks. According to this opinion, gneiss and mica schist may have' 
contained organic remains, the traces of which have since been obli- 
terated by heat ; even granite Itself may be a highly metamoq^ifr 
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^ords, that it may be altered or metamorpbosed iedi- 
4. By this theory all stratified systems may iu time 
^_. . amorphic, so that geology can nevex hope to arrive at any- 
lOQK-~m r continuous history of the globe from its origin upwards—- 
mentary^j^l-^ and their remains being thus successively obliterated. 
TOcom^j^^ however, has not been generally adopted, and, from the 
"P^^^dences which most ftrata afford of their formation, it is not 
gfjtobeso. 

CLAY-SLATE, GRAUWACKE, AND SILURDLN SYSTEMS, 

162. It has been stated that the four great types of all stra- 
tified rocks are siliceous, argillaceous, calcareous, and carbo- 
niferous ; and that, in general, each system is characterised by 
scmie prevailing type. The gneiss and mica schists have been 
described as eminently HHceous : we shall now learn that in 
the clay-slate, grauwacke, and silurian systems, argillaceous 
compounds prevail — almost wholly so in the first system, 
mingled witn arenaceous strata in the second, and with cal- 
careous and arenaceous beds in the third. 

153. The clay-slate system presents a vast thickness of fine- 
grained fissile argillaceous rock, of considerable hardness, 
varying in colour, and of glistening aspect. The prevalent 
colours of slate are black, green, bluish, purplish, and mottled ; 
some varieties being hard and splintery, others soft and per- 
ishable. The character of any particular slate is, however, very 
persistent ; the accidental or imbedded minerals are few — 
these being chiefly cubic-iron pyrites, and crystals of chiasto- 
lite and hornblende. 

164. The composition of the grauwacke is much more varied 
and irregular. As sandstone may be said to be consolidated 
sand, and conglomerate consolidated gravel, so may grau- 
wacke be defined to be an aggregate of clay, grains of quartz, 
lielspar, and mica, with fragments of jasper and other mine- 
rals. The cementing material is clay, which often con- 
stitutes the greater portion of the rock, and in such cases 
the texture difiers little from that of clay-slate ; but in 
many strata fragmentary ingredients prevail, so that the 
texture varies in fineness from that of a coarse slate to a con- 
glomerate of pebbles more than an inch in diameter. Like 
elay-slate, grauwacke presents various degrees of hardness, 
though, generally speaking, it may be described as a highly 
indurated conglomerate — mdicating most clearly its origin 
from the waste of earlier siliceous and argillaceous forma- 
tions. Associated with the slates and grauwackes are occa- 
•bnal beds of concretionary limestone, which partake of the 
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argfllaceons diarocter of the rocks with whick theyV 
eiated. 

155. In the sUurian system^ limestones occur moi' 
guently, so that the calcareous type, or, at all events^ aii^ 
mate blending of argillaceous and cMoareoixi eompoimds» i 
1n» said to prevail. Until a recent period, this system 
considered as a portion of the grauwacke group, and as marking^ 
its passt^e into the gray micaceous beds of the old red sand* 
stone. Merely looking at cabinet specimens, it would be im- 
possible to distinguish between many of the grauwacke and 
Silurian rocks, but taking them in the mass, they are readily 
distinguishable. In the &ni place, their sedimentary char 
racter is ver^ marked ; they present more lapid altemationa 
&om one kmd of strata to another; they have undefgone 
lewear changes by heat ; and. are generally looser and more 
earthy in their texture. The limestones are less cnrstalliBe 
than those of the early grauwaokes ; the arenaceous beds are 
also less siliceous^ and more closely resemble ordinary sand* 
stones, while the abundance of oiganic remaimi justifies their 
arrangement into a separate ^stem. 

156. From thi9 descripti&n qf thete iy^temg^ it will be seen 
that their main type is areiUaceous; eminently so in the da^- 
fllates ; abimdantly enough m the grauwackes, which paas^ m 
texture, from slate to a coarse quartzose conglomerate ; and 
perceptibly in the silurian limestones^ which ane all of a dark 
aigiUaceous character. It is also worthy of notice, that the 
cryrtalline aspect which characterised the Primary Books 
disappears with the day-slates, and gradually passes into an 
earthy or arenaceous texture in the erauwaoke and silurian. 
It is true tiiait some of the lower slates have a glistening 
semi-crystalline' appearance ; but» taken in the mass, and in 
conjunction with the grauwacke and silurian rocks, the 
whole msd^rlals of these systems are more. loosely arraoged, 
and more decidedly sedimentary, than the gneiss and mica 
schists. The term Transition lias been applied to the serieSr 
as not ouly indicating a change in the causes of formation, but 
implying that the world was then passing from an uninhaHt- 
able to an iidiabitable state. 

157. The stratified structure is abundantly oMous in the 
rocks of the transition series. The oceurr^ice of interstrati- 
fied limestones, and the bands of different colour and hardness 
in the slates^ aU point to deposition in water ; while the succes- 
sion of fine and- coarse-erained grauwackes, of silurian lime- 
stones and shales, is as aecisive of stratification as altematicms 
of sandstone, shale, and coal. From this statement, the stu^ 
dent must not^ howeyer, expect to find the sedimentary stnic-* 
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ttire rery distinctly marked in ike dajHsiaitee ; it Is only in 
the grauwacke and mhirian t]iat this is decided. Lamhuh- 
tion iQMy he siud to prevail in the rocks of fine texture, and 
stratification in tlatose of an arenAoeons or calcareous character. 
Thie laminated Btractnre of grauwacke s, howerer, of a diffe- 
rent character from lamination in clay-slate ; in the fonner it 
k the result of deposition, in the latter it Is the effect of a suh- 
sequel^ change which the rock has undergcme, called cleavage, 
158. Cleavage differs from ordinary kSmnation in this re- 
spect, that it causes clay-^late to ttpm up into thin plates at 
i^ght angles, or nearly so, to the 'bed of streaification ; while lami- 
nation simply implies that any stratum can he split up into 
a number oi thinner layers or laminc. Cleavage occurs in 
several varieties of rock, but it is most i«gular ana distinct in 
elay-slate ; and it is owing to this stmctnre that the rock has 
the property of being spfit up into thin divisions for roofing 
and other purposes. The appearance which cleavage presents 
in the mass is represented b^ibeath, by the neaity perpendicular 
&eB cutting those of stratification at a high angle. How 




deavi^ has been produced, is still an undecided problem 
among geologists; tnough it maybe stated generally, that it 
seems to have taken place long after the deposition of the 
strata in which it occurs, and, like crystallisation, to owe its 
origin to the influence either of heat or of electricity, or per- 
haps to both. (See noto.) 

159. The succession of strata in the clay-slate, grauwacke, 
and Silurian systems, lias not yet been rery clearly ascer- 
tained. In general terms, it may be stated that the lower 
slates partake of a micaceous or homblendic character ; that 
they become less crystalline as we ascend in the series, and 
are succeeded by fijiely-laminated grauwacke, with interstra- 
tified limestones. In the grauwacke there is no apparent order 
of succession, although, in most localities, limestones and argil- 
laceous beds prevail m the lower, and grits and congjomeiates 
in the upper portion of the system. In the sQurian, order U 
still less obvious ; but, on closer study, it is found that grits 
atnd grauwacke-looking rocks prevail in the lower portion 
of the system, daik-coloured shales and limestones m the 
middle, and slaiy micaceous sandstones in the upper. The fol- 
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lowing detailed section will convey to the student a more <ior- 
xect idea of the order and succession among these systems :^^' 

1. Slightly micaceous thin-bedded sandstones. 

2. Gray and blue argillaceous limestones. 
3w LiyerHK>loured shale, with concretions of earthy 

limestone. 

4. Highly concretionary subcrystalline blue and gray 
limestone. 

5. Dark-gray argillaceous shale, with nodules of 
earthy limestone. 

6. Thin-bedded impure limestone, containing shdli, 
alternating with finely-laminated micao«ou8 
sandstone of a greenish colour. 

7. Sandstones, ^ts, and limestones ; arenaceous 
beds preyailine. 

8. Dark-coloured flags, chiefly calcareous ; sand- 
stones and sandy schists. 

9. Qrauwacke slates and sandstones, coarse lime- 
stones, and thick-bedded grauwaoke rocks. 

10. Dark argillaceous limestone, with shells and corals. 

11. Peculiar slaty and flaggy beds : mottled in colour; 
sometimes coarse and conglomerate, generally 
of moderate fineness, alternating with coloured 
clayey beds. 

'12. An immense thickness of clay-slate of THiioas 
colours — ^blue, black, greenish, purple, or moir 
tied ; of fine grain, sometimes compact, some- 
times soft and useless. 

160. The organic remains of these systems are possessed of 
more than ordinarjr interest, from the fact of their being the 
earliest forms of life with which we are acquainted. In the 
preceding systems we have no traces either of vegetahle or of 
animal existence : life begins to dawn only with the develop- 
ment of the clayHslate group, and to hecome more ahundant 
as the deposition of the grauwacke and silurian proceeds. The 
earliest forms of vitality are not plants, hut animals — animals 
undouhtedly low in the scale of organised heing, but still 
perfect animals, as perfectly adapted to the condition of things 
under which they had to live as those now existing. They 
are wholly marine ; and here it may he ohserved, tnat no re- 
mains of terrestrial animals have yet heen discovered by geo- 
logists earlier than towards the close of the Secondary Forma- 
tions. In the clay-slate and grauwacke, no traces of vegetahle 
organbm have heen found, and only ahout thirty species of 
corals and shell-fish ; in the silurian, animal remains hecome 
much more abundant; hut douht is entertained respecting 
some fragments of sea-weeds and ferns said to helong to this 
formation. Whether the remains of plants and animals were 
entomhed in these earlier formations, and have since been 
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obUterated by the agency of heat, geological science has not 
b«6n able to determine ; but at present, we are warranted in 
stating, that only a few rare corals and shells occur in the clay- 
slate system ; a greater number of corals, shells, and Crustacea 
in the grauwacke; and a variety of corals, shells, Crustacea, 
fish bones, and teeth, in the silurian. So far as they have been 
examined, all these remains belong to species long since ex- 
tinct ; indeed, are distinct from those which occur in the 
Secondary Strata, and bear only a generic resemblance (often 
a £Gunt one) to existing races. 

161. From the scantiness and peculiarity of organic life, it 
is difficult to arrive at any conclusion as to the condition of 
the world at this early period. The existence of shell-fish 
would seem to indicate the co-existence of marine plants upon 
which they fed ; and though we are aware that molluscous 
animals might prey upon each other, still, the probability is, 
that marine vegetation was to some extent spread over the 
bottom of the transition seas. The preponderance of coral- 
like animals points to a warm and favourable condition of the 
waters for their development ; and it may be that this highly 
heated condition entirely prevented the growth of terrestrial 
plants, and rendered even those of marine growth of so rare 
Occurrence. Be this as it may, we are only certain of several 
species of Zoophytes, Mollusca, and Crustacea in the clay-slate 
and grauwacke rocks — among which the most characteristic 
are those exhibited in the following group : — 



1. CJyathophyllum Cyathus; 2. Heliopora Porosa; 3. Catenipora Labyrinthica ; 
4. Fzt)duota; fi. Spirifera ; 6, Terebratula. 
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162. The fossils qf the sUurian sgstem are much more ttbm^ 
dant ; there are a greater niimber of species belonging to eaeb 
gettns ; annnlosa^ cmstacea, and fishes, are decided ; and, ae^ 
cording to many geoh^ts^ plapts allied to the i^» (sea- 
weeds;, the eqaisetaces (horse-tails), filices (ferns), and oiken^ 
make their appearance. Pasdng over the remains of plants 
and true yerteorated fishes^ about the existence of whiefa: at 
this period there is still great obscurity, we shall notice a(Hne 
<if the ascertained pecnUarities of the radiata^ mollusc% and 
articulata belonging to the Transition era. 

163. The waters of the Silurian period seem to have been 
crowded in some localities with zoophytes and corals^ for cer- 
tain limestones are as much composed of their remains as a 
coral reef is of recent corals. Amoiu; the radiata^ the crinoid 
or enerinite &mily occur for the nrst time^ these differing 
from other corals (see par. 800) in the self-dependei^ nature 
of their structure, their fixed articulated stalk, and floating 
stomach furnished with movable rays for the seizure and 
retention of their food. The shell-fish also become more nu- 
merous and distinct in form ; spirifene, terebratiJa, and pro- 
daeUSy are erery where abimdant : and chambered «&e&, like 
the existing nautilus, begin to people the waters. It must 
be remarked, however, tnat the encrinites and chambered 
shells of this early period are not so numerdus, so gigantic, or 
so perfect in their mrms, as those of the See<mdary Strata ; it 
is in the mountain limestone group that the crinoidea attain 
their meridian, and in the lias ana oolite that the ammonites 
and nautili are most fully developed. Of the Crustacea of 
this era, the most interesting and abundant type is the trih- 
5tto (three-lobed), of which several genera and man^ species 
have been described, and to which scarcely any exirtmg crea- 
ture bears an analogy. The trilobite (see 7, 8, d in uie fol- 
lowing engraving) was a true crustacean, covered with shelly 
plates, terminating varioudy behind in a flexible extremity, 
and furnished with a head-piece composed of larger plates, and 
fitted with eyes of a very complicated structure. It is sup- 
posed by some to have made its way through the water by 
means of soft paddles, which have not been preserved ; and by 
others merely to have sculled itself forward by the aid of its 
flexible extremity. Of its various oigans, the moat interesting 
is the ey^ of which several specimens have been obtained in 
a very perfect state. This organ, according to fossil anato- 
mists, is formed of 400 spherical lenses in sepsoate compart- 
ments, on the surface of a cornea projecting conically upwards^ 
so that the animal, in its usuid ph^ie at the bottom of wateis, 
could see everything around. As there are two eyes, one of 
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t)w udes of each woi^ have been UMlees^ as it could onlj 
leok across to meet the yision of the other ; but on the iniMr 
aides there are no lenses^ that nothing may, in accordance 
with a principle observable throughout nature, be thrown 
Aw»y. It is found that in the serolu. a surriving kindred 
goius, the eyes are constructed on exactly the same principle, 
except that they are not so high— a necessary difference, as 




1. Afltrea; 2. TarbinoUa FongiteB; 3. Terebratola Risca; 4. Leptena Lata; 
5. Actinocrinites; 6. EuomphaluB Rugosos ; 7- Asaphus de Buchii ; 8. A^aphus 
Tnb««ulatii8 ; 9. CaiyvMoe BlnmeBbaohii ; Ho. Bide riew of Caljmflne while 
roUedu^ 

the back of the serolis is lower, and presents less obstruc- 
tion to the creature's yision. This little organ of a trivial 
little animal carries to living man the certiEdn knowledge 
that, many ages ago, the air he breathes, and the light by 
which he sees, were the same as at this hour, and that the 
flea must have been in general as pure as it is now. If the 
water had been constanUy tmrbid or chaotic, a creature de»- 
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tined to liye at the bottom of the sea would have had iw «M 
for such delicate visual organs. " With regard to the atmo^ 
sphere," says Dr Buckland, "we infer that, had it diffenenl 
materially from its actual condition, it might have so faf 
affected tne rays of light, that a corresponding difference front 
the eyes of existing crustaceans would have been found in ihe 
organs on which the impressions of such rays were theil 
received. Regarding light itself also, we learn, from the 
resemblance of these most ancient organisations to existii^^ 
eves, that the mutual relations of light to the eye, and of 
tne eye to light, were the same at the time when crustaceans 
endowed with the faculty of vision were placed at the bottom 
of the primeval seas, as at the present moment." 

164. The animals of this early period, like those now eanstingy 
were partly herbivorous {living on plants), and partly carnivo* 
rous (living on the flesh of others). The polypes and crinoide% 
it is true, merely secreted limy matter from the waters of the 
ocean wherewith to build their calcareous structures ; but 
while certain tribes of shell-fish were living on the sea- weeds 
which flourished along the shores, other races were preying^ 
upon these, or upon each other. Among the vegetable eat^s 
were the product©, terebratulse, &c. ; the ammonites and 
trilobites were those which lived upon others. 

165. That the transition strata have been derived partly from 
the disintegrated materials of the gneiss and mica schists, and 
partly from the granite, is abundantly obvious. In the gneiss 
and mica schists, the primitive crystals of the granite in mcmy 
instances had undergone little attrition, and in most cases onlr 
sufficient to make them arrange themselves in a flat or lami- 
nated position. In the transition systems, the material has 
sufl^ered sometimes both a mechanical and chemical change^ 
The felspar of the granite and primary strata presents itself m 
the clay-slate as a soft argillaceous sediment, destitute of the 

?otash and soda which entered into its crystallised condition, 
'he quartz presents itself in sandy grains, without any parti- 
cular form, sometimes finely pulverised, at other times coarse 
and gritty. The mica is variously disseminated, scarcely ap- 
pearing in som^ strata of the grauwacke; but occurring in 
others of the silurian, so as to give them a micaceous and 
laminated aspect. All this implies the combined agency of air 
and water — ^the atmosphere to assist in the chemical decompo- 
sition of the felspar, water to transport it to the sea of deposit. 
The fineness and thickness of the clay-slate deposit indicates 
an immense depth of still- water ; the sandy and conglomerate 
beds of the grauwacke not only the action of rivers, but ihtf 
action of the sea upon its shores ; while the caIcM:«ou8 bedsoC 
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Hm aikurian implies the agency of tie coral animal, precisely 
aiaiikr to that now going forward in the Pacific. Here, then, 
1p« have a condition of the world with hills and valleys, 
divers and seas — ^the atmospheric agents acting upon the clifis 
aod precipices ; the aqueous also degrading the rocks, tran- 
tq^rtlng the material, and depositing it along the shores of 
soasy whose waters gave hirth to corms, shell-fish, and fishes. 
Flae clayey silt formed clay-slate ; sand and other mud slaty 
sandstones ; gravel grauwacke conglomerate ; and coral polypes 
beds and reefs of limestone. We have no evidence of terres- 
trial life ; and the necessary inference is, that the conditions 
€£ the world did not then permit of its heing called into 
existence. 

166. The igneous rocks associated with the transition series 
are granite, serpentine, porphjnry, greenstone, varieties of 
trap, and mineral veins. Indeed there is scarcely a develop- 
ment of the clay-slate or grauwacke systems without asso- 
ciated granitic rocks ; and the greater portion of the silurian 
fftFota are thrown into inclined and contorted positions hy the 
sftme agency, while effusions of trap make their appearance 
smcmg the latter strata. Perhaps the most extensive and 
gigantic eflForts of volcanic power were exhibited at the close 
of this period ; and there is abundant proof that all the prin- 
cipal mountain chains in the world were then upheaved. 
The Grampian and Welch ranges, the Pyrenees, Hartz moun- 
tains, Dofrafelds, Uralian, Himmaleh, Atlas range. Moun- 
tains of the Moon, and other African ridges, the Andes, and 
Alleghanies, all seem to have received their present elevation at 
the close of the transition period. From this fact, the student 
will more readily perceive how the primary and transition 
strata should be thrown into highly inclined and contorted 
positions ; how they should be traversed by so many dykes 
uzd mineral veins ; and how slaty cleavage, and other altera- 
tions by heat, should have taken place. 

167. The extent of country over which the clay-slate, grau- 
wacke, and Silurian systems are spread, must be sufficiently 
indicated by the mention of the principal mountain ranges 
in the world, from whose sides and flanks their strata slope 
away for many leagues on either side. 

168. The geographical features of transition districts are 
bold and mountainous, and are well illustrated by the charac- 
teristic scenery of Wales, the Cumberland Lakes, and the 
Scottish Highlands. " Supported by granite," says Professor 
ij^iillips, " and mixed with igneous masses, the slatj; rocks of 
the likiglish lakes rise to more iiian 3000 feet in height, and 
present a variety of outline, and intricacy of combination. 
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i^hkh, in comiexum Viih ckar lakes and oooMaMe 
-waterfalls^ leave to Switz^rknd little txpenoiaij,'* 'Gm 
.gnmdeur, intricacy, and variety of aspect can be rea<fily 
accounted for, wnen we consider the height to which these 
strata have been elevated, the vertical positions into which 
they are thrown, and the irr^fulariiy of their compositios, 
which allows them to be scooped ont and worn down to a 
thousand forms — here craggy and splintery, there sinking, «r 
rather cleft into fearfiil gorges and ravines. 

169. The economic uses to which the minerals of these 
i^stems are applkd are numerous and important. From the 
clay-slate are derived roofinff-slate, writing-slate, and a vari^ 
of slates for ornamental and other purposes. Flagstones aad 
pavement are obtamed from the grauwacke and silurian beds, 
and several ornamental marbles from the limestone of the 
isame systems. But the mere rock minerals are of little value 
in comparison with the metallic veins found in these strata. 
Tin, lead, copper, silver, gpld, and other m^als, are found 
abundantly in the veins which traverse the clay-slate ; ind«od 
they form in ^tain, as well as in other countries, the ptm- 
cipal metalliferous rocks, with the exception <^ the lead and 
ironstone, of the carboniferous syst^n. 

■XPLANATOBT NOTB. 

Obauwacks— « Gcnnan miner's tenn, sigiiifVing grojf rodi ; adopted 
in geology to designate the gravish slates and siticeoos condomeratesof 
the transition strata. En^ish geologists have conferred upon this 
group the name of Cambrian, ttom. its forming a large portion of the 
surface of Cambria or Wales ; the term grauwacke is more general 
and desoriptire. 

SiLU&iAN—a term invented by Mr Mnrohison to derignate thoMe 
calcareous and aigillaeeous beds which Ue between the grauwaidie 
and <Ad red sandstone. The word is derived from Silures, the name of 
an ancient tribe who inhabited that district of country between Eng- 
land and Wales where these rocks are very deariy developed. 

Ptrites — a mineral composed of sulphur and iro'Dr'-sulphuret of irofu 
It is usually of a brass-yellow ookmr, brilliant, and Grystallised. Thotfe 
little shining crystals so abundant hi some kinds of roofing-slate ace 
cubic pyrites. The name is derived from the Gbeek, ppr, fire ; beoaiiae 
the mineral occasionally paY>duces spontaneous combustion. 

Lamination (Lat., lammOf a leaf or blade) — applied to thin layers 
or leaf-like divisions of rooks. 

Arbnacbous (Lat, arena, sand)— sandy. Rooks cl^efly composed of 
sand are described as aienaceous. The principal constituent of Mod 
is quartz or silex ; and the terms nUoeonUy quartam, and ar^naoeoui, tm 
applied to rocks according to the appearance which their textures pce- 
•ent. Thus, highly indurated and close-grained sandstone is said to be 
sUieeous ; if the particles of quarts be large and distmct, quaitzose ; 
and if modeiatdy fine^ nd xatlier looee in toxtiiie,.arenaceou8^ 
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Qmna liwcl tMnktone, in wliiek tbe gFains of quarts are sharp and 
IMMMlar^ are iec^nioally oaUed^rtito^ as miUstoae-grtt, grindstone-grit, &a. 

CiXAY jlOE, — ^The peculiarities of this stmcture nave given rise to 
many speculations and experiments. Mr R. W. Fox submitted a mass 
of moist clay, worked up with acidulated water, to a weak eleetric 
action fbr several months ; and it was fovnd at the end of that time 
io present tiaoes of cleavage, the locmmae being at right angles to the 
jdectiic foitoeB, Othen are of <^[nniosi that eleavage is superinduced, 
.when considerable ckmniocU action takea place in any finely pulverised 
mbstance as clay — cleavage being thus regarded as a species of rude 
crystallisation. Another class of theorists, from observing that slaty 
tileicvage occurs among the shidee of the coal measures, when these are 
in the neighbourhood of igneous rocks, attribute the sikmcture to beat 
M is not unlikely that all these eavses may have beeni concerned in 
prodoeii^ cleavage ; for, when better understood, it is more than pro- 
bable that heat, ^ectricity, and chemical action, are only modifications 
of one universal agency. 

OLD RED SANDSTONE SYSTEM. 

170. Until a comparatiyely recent period, geologists were 
aocnstomed to consider gneiss^ mica schist, clayHslate, and old 
red sandstone, as sufficiently distinctive of all the stratified 
tBjrstems which lay uadoneath the coal measures. We have 
seen, however, that, in point of mineral composition, as well as 
in organic remains, the clay-slate difiers essentially &om the 
^[rauwacke ; and that grauwacke, as we ascend, begins to lose 
its arenaceous character, and to be succeeded by a series of 
aigiUaceous and calcareous beds nunre joolific in fosaUs, and in 
the mass perceptibly different. To this series of strata Mr 
Murchison applied the term Silurian system — a system which 
may be said to partake of the character of the grauwacke beds 
beneath, as it msensibly passes into the gray micaceous flag- 
stones of the old red sandstone above. The ^udmt must not, 
however, suppose that aU these systems are to be met with 
fully developed in every country; aU that the science of 
geology affirms is, that, when they are present, the above is 
their mer of occurrence, and the general aspect and character 
they assume. Sometimes, indeed, the clay-slate is represented 
hj a few indistinct argillaceous beds ; and in many places it is 
difficult to discover an3rthing like a well-defined series of strata 
corresponding to the Silurian rocks of Mr Murchison ; but, 
generally speaking, there is always some shade of distinction, 
eithar in mineral or fossil character, which enables us to trace 
the gradation of these successive systems. Whatever difficulty 
may be experienced in ascertaining the presence and limits 
of the grauwacke and silurian systems, there is seldom any 
doubt as to the old red sandstone, which, in the British islands, 
Is one of the most clearly developed of rock lormatioBS. 
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171. The composition of the old red sandstone^ as in^catffl 
by the name, is chiefly arenaceous, presenting a succe^ioii"(if 
sandstones alternating with subordinate layers of sandy shal^ 
The sandstones pass, in fineness, from close-grained fissile fiagii 
to thick beds of conglomerate, the latter being composed of 
pebbles from the size of a hazel-nut to that of a man's bead. 
The whole system is tinged with the peroxide of iron, thi 
colours ranging from a dark rusty gray to brick-red, and froiai 
a mottled purple and fawn shade to a cream-yellow. Th^ 
mottled aspect is principally found in the shales which, fjxM, 
their sandy character, may be regarded as imperfect siftid* 
stones. There are also some calcareous beds in the systdHAt^ 
but these are not regularly developed, and are all siliceous and 
concretionary in their composition and texture. From their 
impure and concretionary aspect, they are generally known 
by the name of cwnstones^ and are of little or no use as lime- 
stones. Taken in the mass, the composition of this system is 
sufficiently indicated by the term old red sandstone — ^th6 
epithet "old" being applied to distinguish it from another 
series of red sandstones which occurs above the coal measures^ 
and is usually designated the new red sandstone. 

172. The order of succession among the old red sandstone 
strata varies considerably in different localities. It has beefe 
stated that the prevailing mineral characters are — ^fine-grained 
red sandstones, including detached pebbles; beds of coarse 
conglomerate ; fine-grained fissile micaceous beds of a gray 
colour, locally called tilestones and flagstones ; layers of 
mottled shales ; and strata of yellow sandstone. Now, although 
in some districts the conglomerate may be undermost, and in 
others the tilestones, yet, making allowance for these locid 
deviations, the following may be taken as the most frequent 
order of occurrence : — 

COAL MEASURES. 

1. Yellow sandstones, fine-grained, inclading detached pebbles, 
and alternating with layers of mottled shale. Remaim of 
fishes, but no traces of vegetables. 

2. Red conglomerate, or Puddmgstone, of vast thickness, either 
in one naass, or interrupted by occasional beds of red sand- 
stone. No organic remains. 

3. The red sandstone proper, generally in thick beds of a brick- 
red colour, enclosing detached pebbles of quartz and other 
primary rocks. Conglomerate beds and concretionary lime^ 
stones are occasionally interstratified. Organic remains raio, 
and not very distinct. 

4. Gray micaceous beds, sometimes dark and bituminous. These 
vary in thickness, from one inch to several feet. Remains of 
fishes abundant ; some vegetable impressions. 

O&AUWACKE. 
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3^* preceding synopsis represents the usual order of the 
l^stem as it occurs in Scotland. All of these groups are well 
marked in the field ; and when treated not as distinct systems, 
but as portions of one ^eat system, materially aid the in- 
vestigations of the geologist. 

173. The organic remains of the system^ if not so numerous as 
^hose of the grauwacke beneath, or the carboniferous measures 
^iKMre, are at least equally interesting, on account of their 
peculiarities and adaptation to the conditions under which 
fy&y were destined to exist. The remains of plants are few 
apm indistinct ; but are apparently allied to those found in the 
toie Bilurian rocks. In tne tilestone group have been found 
impressions of ferns, equisetaces, leaves resembling those of 
the flag and flowering rush, and circular markings like the 
flitfal envelopes or berries of some shrubby plant. Most of 
these are highly carbonised and broken, as it drifted from a 
distance by water, and deposited among the sandy material in 
which they are now imbedded. A few carbonaceous layers 
occur among the schistose beds; but vegetable matter no- 
where abounds in sufficient quantity to form bituminous layers 
or thin seams of coaL Taken as a whole, the old red sand- 
stone system is particularly barreil of vegetable remains, and 
9eems to evince a condition of the earth which did not permit 
of the gro^i;h of plants unless in detached and limited areas ; 
these plants being by no means high in the scale of vegetable 
organisation. Its animal remains are more abundant and 
distinct ; but present little variety — ^the prevailing types being 
^larine flshes of simple but curious structure. 

174. The fossil fishes, or ichthyolites, of the old red sandstone^ 
{present the first distinct trace of the existence of the highest 
division of the animal kingdom ; namely, vertebrata. It must 
be remarked, however, that the earliest genera are not of the 
most perfect structure ; but form, as it were, a link between 
the humbler Crustacea and fully -developed fishes. The 
eephalaspiSf coccosteuSf and ptericthySy represented in the fol- 
lowing engraving, are the most prominent types of these 
cru£tacean-like families. The cephalaspis, in general figure, 
resembles the asaphus of the silurian rocks, is covered with 
bony plates, and takes its name from the buckler-shape of its 
head (Gr., kephak, the head, and aspis, a buckler). The 
eoecosteus is idso enveloped in a bony covering, is famished 
with a tail for locomotion, and takes its name mm the berry- 
like tubercles which dot its plates (Gr., kokkos, a berry, and 
osteon, a bone). The pterictiiys has the same kind of coverinj^ 
or external skeleton ; but its distinguishing feature is a pair 
of wing-like appendages, which seem not only to have aided 
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in locomotion, But to hare reared defesaivelj whan sfctMlcti: 
It takes its name from tiiese appendages (fo^ pterin, a -mns^ 
and iekthySf a fish), and is one of the most abundant fossils m 
tiiis fbrmationr— being as chaiacteristic of the old Ted sondstcme 



1. CeiOialBsplg. S. Cocoosteos. S. FterioAb;^ 

as the trilobite was of the Edlurian rocks. In the holoptychius 
(figured below), and some others, this bony covering prevails; 
but it is formed of a greater number of plates finely enameled 
and curiously engraven, while the general outiine of the 



Holoptychivs NobOisBinMis. 

i^nre more closely approximates to that of existing fishes^ 
with a tail and fins as organs of locomotion. In other genera, 
the plates pass by gradations into bony scales, regularly ain 
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timauif «o Mid join or overlap «ach other. This straetmre h 
nmuMli^toated by the osteokpU (Gr., ogtem, a hone, and iepU, 
»i9Qftlo), whieh presents the form of a perfect fish famished 
wiM^ pectoral, abdcHninal, and oandal fins. In the osteolopis 
(see figure) liie bony scales are placed fdongside each other 
l^e the bricks m a building ; calculated at onoe to afford a 
strong protection to the intenud parts, and to ^eld to &e 
hendS^ of the body whilo in motion. In the pr&nous fcmns of 
animaliife, the 09:gaiis of motion are but imperfectly dereloped ; 




but m the ostedepis a great adyance is exhibited, its fins, taO, 
and donated form of bod^ being such as to combine strengtJi 
with a^ty. Some families of &ese early fi&es are fumished 
with spiny fins, or are otherwise armed wi^ detached spines 
firom two to five inches in' loigth, and whidi are known to 
geologists by the name of ichthifoiaruUtet (Gr., MUhw^ a fidb, 
doruy a spear, and lithosy a stone). In all of them me tail is 
unequally lobed, like that of tne shark — a character which 
distmguishes cartilaginous from osseous fishes; the shark, 
dog-fish, sturgeon, &c. belonging to the fi)rmer, the cod her- 
ring, salmon, &c to the latter drnuon. (Par. 181.) 

175. From what we hone seen of the foeeQ flora and fauna 
(^this system^ they seem to indicate a condition of life higher 
m point of development than that which ezsited during tiie 
deposition of the grauwacke and silunan rocks. The cephalas- 
jMfl^ coccosteus, and ptericthys, are succesrive advances upon 
the simply ozganised asaphus; and the holoptychius, osteole- 
pis, and gl3rptolepis, belong to orders still more fully de- 
veloped than the ptericthys. But while this advance m the 
scale of oiganisation took place, some peculiarity in the waters 
of the ocean, or other condition, seems to have prevailed the 
increase of previously existing orders ; for in none of the beds 
of the old red sandstone do vre find the corals, shell-fish, and 
o-ustacea of the siluiian system. It is true thai in the lower, 
or flagstone series, remains of crustaceans have been discovered ; 
but in such an imperfect state, that it is impossible to decide 
what analogy they bear to those of the sihoiiaii limestones. 
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Again, the vegetation which existed during the fonnatiMi of. 
the grauwacke rocks seems to have vanished fdmost entirely 
while the deposition of the old red sandstone was going for-, 
ward ; for, unless at a few detached points, do we find any- 
thing like a vegetable oiganism throughout the whole masB 
of the formation. < 

176. The conditions of the world during the deposition <^ the 
old red sandstone are but imperfectly indicated bv the foml' 
organisms to which we have adverted. Flanking the primaiyt 
and transition hills, the old red sandstone is eminently a- 
littoral deposit, the lower or gray micaceous series evincing 
sediment m calm water, the sandstone and conglomerate 
beds the action of currents and other aqueous agitation, and 
the yellow beds a recurrence of calm deposition. Many of 
the strata present the ripple. mark of the tide as perfect as that 
now to be traced on the sands of the existing shore ; and the 
conglomerate throughout its entire composition points to 
causes analogous to those by which the gravel-beaches of the 
present day are collected. The colouring matter (peroxide of 
iron) of the formation shows that the waters must have been 
impr^nated with mineral solution, so as to be deleterious to 
animal Ufe ; and it is a curious corroboration of this fact, that 
the fossil fishes are most abundantly found in the flagstone 
and yellow sandstone series — ^the strata least coloured by the 
metallic impregnation. Whence the metallic oxide was ob- 
tained by wnich the formation is more or less tinged throus^h- - 
out, is a matter of hypothesis among geologists; but that 
opinion which ascribes it to volcanic origin is the most com- 
monly entertained, and indeed the only one which seems 
adequate to account for the phenomenon. If, then, the old 
red sandstone period was one of extraordinary volcanic dis- 
turbance, rendering the earth and atmosphere less capable of - 
nourishing an abundant vegetation, and poisoning the waters 
against the development and propagation of animal life, the 
student may readily perceive why organic remams should be 
so scantily disseminated through its material, even while an 
advance was being made in the kind and character both oi 
vegetable and animal existence. 

177. The igneous rocks associated with the system, and by 
which it has been upheaved into its present position, are green- 
stone, claystone, porphyry, felspar, amygdaloid, and manv 
other varieties of trap. Occasionally, the trap is cut through 
by dykes of more recent greenstone, felspar, and serpentine ; 
but true granitic rock is seldom or ever in intimate connexion 
with any portion of the series. By the termination of tiie 
old red sandstone deposit, the granitic igneous era may be 
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fiikldto have passed away, and to have been succeeded by that 
of the trap — an era which produced more complicated dis- 
p^toements and contortions of the stratified rocks, though less 
expensive and gigantic elevations. In Scotland/ the Gram> 
pltm^ belong to the former era, the Ochils to the latter ; two 
ranges which, even to the untutored eye, present so many 
points of dissimilarity both in their external contour and in- 
ternal composition, as at once to be ascribed to di£Perent eras. 
^Kie volcanic forces which were smouldering throughout the 
y$hdh formation of the old sandstone, seem, at the conclusion 
d the deposit, to have spent themselves in one gigantic 
psroxysm, and to have upheaved the newly-consolidated strata 
into mountain ridges of extreme irregularity, along whose 
^nks, as they extended seaward, were deposited unconform" 
Mt/ the strata of the succeeding formation. 

178. The enctent of country occupied by the old red sandstone 
is very great, owing, in many instances, to the flat position of 
the strata, which thus cover a larger amount of surface than 
they would have done had they been liighly inclined like 
the primary formations. All the members of the series are 
ifTidely dev^eloped in Scotland ; the lower portions occur be- 
t«re€^ England and Wales, in Ireland, and in Germany ; the 
middle portions occupy extensive areas in Russia and the 
flats of Central Europe, in Siberia and Tartary, and flank also 
the southern Himmalehs ; and diff^erent members of the sys- , 
tern occur in various districts of North and South America,*^ as 
well as in Central Africa. 

179. The geographical features of red sandstone districts are 
in general varied and irregular ; the hills being less bold and 
pdrecipitous than those of primary formations, and more lofty 
aiid undulating than those of any subsequent period. Where 
tlie strata lie flat, and comparatively unbroken, the scenery 
i» rather uninteresting ; but the soil is light and fertile, being 
based on sand, gravel, or reddish clay, composed of the debris 
of the formation. On the other hand, the mountains of the 
old red sandstone exhibit great diversity of scenery : rising in 
easy undulations, sinking and swelling in every direction, yet 
preserving a common continuity of range, they present in the 
chain a succession of roimded heights and cones ; but in the 
mass, an irregular surface of hills and valleys, glens and re- 
o«5sses, of great beauty and amenity. The Ochils and Sidlaws, 
in Scotland, with their intervening valleys, belong exclusively 
to this formation, and may be taken as the type of its phy- 
sical features. 

180. The minerals of commerce derived from the old red 
si3ftd9tone are comparatively few. From the lower group of 
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beds are obl^uned those thin: schists of gray micaceous sand** 
stone so generally employed in foot-pavements, in roofing and 
in ffoodng; hence tna terms tUestone and jiaggtone. Fromi 
the superior red and yellow groups, bulldingHstones of vaidoiuh 
quality are obtained ; bat none of these are of great beauty or 
durability. The claystone, porphyries, and fdspus, are ex- 
ceedingly durable ; but are seldom used by the builder^ owmg 
to the difficulty of hewing them into jform. From the trap^ 
some of the best material for macadamising is obtained in ^e^ 
lowlands of Scotland ; while among the debris of the sama 
rocks, the lapidary finds many geodes of the finest chalce*- 
donies, agates, jaspen^ and cameliaus* 

CLASSIFICATION OF FOSSIL FISHES. 

161. Before proceeding with our description of the succeed- 
ing formations, it will be necessary to advert to the system of 
classification which has been adopted in reference to fi)sril 
fishes, inasmuch as it difiers &om that which Cuvier applied 
to existing races. This celebrated naturalist collected the whole 
number of species into two groups, according to the nature of 
the skeleton and the hard parts--H>ne group embracing iiie 
Osseous, or bony, and the other the Cabjilaginoub fishes. The 
former group he further separated into two orders — the Aeon*- 
thopterygiarty or thorny-finned, and the Malacopterpgian, or 
soft-firmed. This method, however, does not meet the want& of 
the geologist, because the skeleton is seldom or ever found in 
such a state as to answer the purposes of cksslfication. Fossil 
scales, teeth, spines, and fragments of fii^es, are found in abun^ 
dance, but these afford too imperfect data fi)r arrangement ; and 
when an entire specimen occurs, it is merely the ^enersd i^ape- 
and character of its scaly covering upon which liie ichthyologist 
can decide with certamty. Proceeding upon this principle, 
M. Agassiz takes the dermal covering as the foundation of his- 
system — the skin being that organ which indicates not only 
important structural and functional difierences, but also shows^ 
the relation of every animal to the elem^t in which it moves» 

182. Instead of the divisions Osseous and Cartilaginous, he 
distinguishes fmr great orders of fishes according to the nature 
of their scales, and finds that other important distinctions of 
structure, &c. harmonise with these differences of scales* This 
discovery is invaluable ; fi)r, of all parts of fishes, the scaler 
are those most abundantly found in a fossil state ; and if by 
a single scale the geologist can detect the order to which any 
fiish belonged, he has also a clue to its habits and mode of life, 
and to the conditions under which it flourished. The follow- 
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ing is a sketch of ihA prmcipaL divMoits and sobdiyiaions 
proposed hj M. Agassiz : — 



1. Ganoidians (Gr.f ganos, splendour, froBi the bright sarisoe of their 

enamel). — ^The fishes of this order are cotered witban^ar scales^ 
composed internally of bone, and coated with enameL The scales 
aee regularly arranged, and entirely cc^er the skin. The sauroid 
. j&sh, or those which, from the stractnre of their teeiSi and other 
peouliaantie!^ approximate to reptiles, are anvongst the most iate* 
resting of this order. Nearly all the apecies referred to it are 
extinct ; the sturgeom^ and bwtti-jfSoa of the Nerth American laJoes, 
are living examples. 

2. Placoidians (Gr., ja&Mv a broad plate). — ^Fishes of this order have 

their Am covered irngvicurly witn pmeer ei enamel,,- often of con- 
siderable dimensions, but sometimes reduced to smafijpoints, ISce 
tile shagreen on the skin of the sl^irk, and the nri(^]y tubezelee 
of l&e ray. Ht eempreh^ida aff the eartilajginoos nshes (j^aHoi and 
rm/s), ^R^i iSbB ereepifciog of tiSte staigeon. 



II.— SCAiLBS NOT BNAMXLBD. 

3. OnsNOiDiANS (Ghr., Ideis, genitive IdenoSy a comb). — Ctenoid fishes 

have iiieir scales of a homy or beny substance wxthont enamel, 
ja^d like the teeth of a com1» on the onter edge. The pert^ 
and manv other existing genera, are of this order, which contauas- 
but few fossil forms.. 

4. OTCL<»mABs (Or., ci/dat, a circle).— The fishes' of this ordfer have 

smooth, homy, or bonymtenamekd scales^ entire at the margin, 
with coniientric or. other lines on^ the nwer smfaee. The hantng, 
salmon, &o. belong to this order, which^ along with the former, 
includes ahnest the whole number of existing specie^ 

Such are the divisions proposed by M. Agassfe, and now uni- 
versally adopted by geologists, ^though it is not unlikely 
that a more perfect system may soon be propounded, which 
vdll embrace in one category both fiossil and existing species. 
The subjoined engravinff more summarily represents the four 
orddEi of scaler above alfaded to :*-^ 




1. Ganoid,; 8. F&coia ; 3. Ctenoid; and, 4f Gyiik>lcl,SaBlei. 

183. Each of ^ese orders corUain^ both bon^ and ecOiikh 
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ginous fishes. The representatives of each prevailed in different 
proportions durine different epochs ; the two first (enameled 
scales) existed before the commencement of the chalk system ; 
the third and fourth orders, which contain nearly five-sixths 
of living species, appear for the first time in the chalk strata, 
when all the preceding fossil genera of the two first orders had 
become extinct. Another remarkable circumstance observed 
by M. Agassiz is, that all, or nearly all, the fossil fishes found 
in strata beneath the magnesian limestone are heterocercaly that 
is, have their tails unequally Mlohate (see ^g.), like the shark, 
sturgeon, lepidosteus, &c. ; while this form of tail is rarely 
found in the oolite and superior strata. Among existing fiishesy 



1. Ueterocercal, or Unequally bilobate ; 3. Equally bUobate ; and, 3. Sine^e 
and rounded, forms of taU. 

the tail, or caudal fin, is generally equally bilobate, as in the 
trout ; or single and rounded, as m the wrasse ; but seldom 
heterocercal. Tliis latter form is produced by a remarkable 
prolongation of the vertebrae, which bears a striking ana- 
logy to the prolongation of the same parts in reptiles; thus 
connecting tne cartilaginous fishes with the reptilia, not only 
by internal structure, but also by the evidences of external 
form. 



EXPLANATORY NOTE. 

Old red sandstone.— To this system English geologists sometimes 
apply the tenn "Devonian," because it happens to be very exten- 
sively developed in Devonshire. Distinctions of this kind are always 
ol:gectionable, and particularly in the present instance, where the 
general term, Old Red Sandstone, is so eminently descriptive. 

Peroxide op iron.— When the oxygen of common air unites with 
the atoms of iron, an (mofe, or rust, of iron is the result ; and when 
this rust has absorbed as much oxygen as it is capable of^ it is then 
termed a peroxide, or thorough oxide, of iron. 

Ichthyolitb (Gt., ichthm, a fish, and lithos^ a stone). — A fish, or any 
part of a fish, found in a fossil state, is termed an ichthyolite. 

Puddingstone — any conglomerate of rounded pebbles cemented 
together by a silicious or sandy paste. When select specimens are 
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cut and polished, they resemble a seetion of a pluxbrpudding ; hence 

Porphyry (Or., porphpra, purple).— This tenn was originally applied 
to a reddish imstratified rock found in Egypt, and used by the ancients 
for statuary purposes. It is now employed by geologists to denote a 
reddish igneous rock containing imbedded crystals of felspar ; and all 
rocks (whatever their colour) which contain imbedded crystals dis- 
tinct firom their mass, are said to be porphyriiic. We have thus felspar 
porphyry, porphyritic granite, and porphyritic greenstone. 

Amygdaloid {Ox., amygdabn, an almond, and eidos, a form)— almond- 
shaped. The term is apphed to certain trap rocks in which other 
minerals are occasionally imbedded like almonds in a cake. Some 
varieties of amygdaloid are locally termed toad-stones, from the resem- 
blance which their colour and makings bear to that of a toad^s skin. 

Geodes (Gr., geodes, earthy)^a term applied to rounded pebbles 
having an internal cavity lined with crystals ; also to rounded or 
nodnj^ pebbles themselves ; and to nodules of ironstone hollow in 
the oent^ 



CARBONIFEROUS SYSTEM. 

184. At t&e close of the Old Red Sandstone period the 
earth seems to have undergone an almost total change in its 
geological conditions. The red sandstones and gravelly con- 
glomerates which had been formed along the shores and bot- 
tom of the sea, were upheaved into dry land ; thus adding to 
the extent of land previously existing, and gradually circum- 
scribing the limits of the ocean in which subsequent deposits 
were to take place. As disintegrated granite fuinished the 
felspar, quartz, and mica of the gneiss and mica schist, and as 
fi'om these, again, were obtained the materials of. the clay- 
slate, grauwacke, and silurian rocks, so from all these, to- 
cher with the newly upheaved red sandstone, were derived 
the material of the succeeding formation. These successive 
attritions would reduce quartz to sand of various fineness, fel- 
spar to loose impalpable clay, mica from large plates to minute 
scales, and crystalline limestone to a dully powdery consis- 
tence. The rocks formed of these ingredients would necessarily 
present a less compact texture ; and thus it is in the Car- 
boniferous System that the sandstones are more arenaceous, 
the shales son and earthy, and the limestones non-crystalline 
and often impure. Besides the sandstone, clay, and limestone, 
two new rock substances make their appearance among the 
strata of this i^stem, namely, coal and ironstone — the former 
being the result of compressed and altered vegetation, and tl^e 
latter a chemical aggregation of the metallic particles around 
some earthy basis. The iron of the old red sandstone was 
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diflBeHunated tiirongh the xqasb bb mere colonmg matter ; in 
the carboniferous formation it is principally collected in lay^ 
ers, or in nodules. The vegetation of preyioas periods was so 
scanty, as to leave only « few dubious improasdo&s among the 
strata. During tibe ^» abmit to be considered, it was so ^un- 
daut, as to form numerous beds of coal, rangii^ in thicTcniws 
from a few inches to twenty or even thirty feet. 

185. The term **• Oarboniferoue** Juu been applied to ikU dyitem 
from the /act, iiiat vegetable depositft-^ wMdi the mam 0oHd 
element is car&on^-ooBsUtute its m^ost distu^^uishmg feature. 
It is regarded by many as markii^ the commencement of the 
SaccmDAST PERioi> ; and liolds a portion in the earth's crust 
mtermediate bdrween Hie old and iiew red sandstoaes. Havii^ 
l>een deposited after the upheaval of the (M red saadsloiiey it 
rests in many places unconformably upon that SYBtem, and 
occupies smaller and more detached areas, which often assume 
a basin or trough form, as shown in page 116. It is com- 
posed of two very distinct ^oups, the mowfUain limestone and 
the coal measures^ which in some respects require separate 
descriptions. 

MOUNTAIN, OB CiBBONIFEBDUS LI1IB8T0NE. 

186. The distinguUhmg feature in the mineral compotUum 4»f 
^m group is sufficiently indicated by the name Mountiun 
limestone, it must not be supposed, however, that it is 
^entirely composed of calcareous beds ; but merehr that the 
limestones are the most characteristic memb€a:8; mr many of 
the inferior strata ure pure quartzose sandstones, containing 
eoarcely a trace of lime, and alternating with thin seams of 
coal and bituminous i^ales. As developed In the Bntiah 
islands, the group may be said to consist jof thick-bedded 
gray or blmim sub-eiystalline limestones, divided by partiiioiis 
■ii grits and shales, and of whitish quartzose sandstones of 
various fin^iess, separated by subordinate l^ers of shale, 
thin seajxa of <;oal, and bands of Ironstone, it is generally 
found flanking or crowning the trap-hUls which Intervene be- 
tween the M. red sandstone and coal measures, presenting 
bold escarpments ; hence the term numntcdn limestone. The 
epithet oarbomferous is also applied to it^ because it invariably 
undeiiies the true coal measures wherever these occur, and is 
generally associated with thin seams of coal and bituminoos 
shaks. Like all stratified rocks, this is broken up by fissures 
and diskcaticms caused by subterranean movements ; but, 
independently of these, it is numerously intersected by what 
are tenned^n^« and divisional planes — ^the former being rents 
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"^or bac^ as ihey aie called hr qnanymen) perpendicnlar to, 
and th« latter partings parallel witli, the plane of stratifi- 

187. ^he ordm' of mecisnon among the strata of this .^roup 
is byiH) lAeans determmate. In some districts, only a few 
beds of calcsreons shales and ^ts occur between the lime- 
stone md old red sandstone ; m otiiers, a vast succession of 
"wiiite quartzose sandstones alternating with bituminous shales, 
ithm seams of coal, and bands of ironstone ; whUe in Fife and 
' Mid-Lothian, thesesandstones are associated with strata of shell 
^flnd &edi--water (1^ limestone. Whatever may be the cha- 
•iMHter or thickness of the rocks beneath, the true mountain 
limestone of itself constitutes a well-marked suite of ^rata, 
^easily distinguishable from any other. Sometimes it consists 
«f i^wo, four, or six beds, divided by partins^s of argillaceous 
natter ^ at other times tibe beds are separated by layers of cal- 
canous sandstone and shale; while not tmfrequentry it occurs 
in )oae nun of ^ast thickness, flanking some trap-hill precisely 
dEter the manner m which a coral reef skirts the island around 
which it is forming. In general, there occur above the lime- 
trtone calcareous shales, sandstones, and thin seams of coal, 
which pass into the true coal measures ; but in the north of 
England, there intervenes a series of very pebbly or quartzose 
^rndstones, known by the name of Millstone Chit, Notwith- 
standing the» variations, the calcareous members gradually 
disappear, and the carboniferous become more frequent as we 
aseend, ao that ther^ is no great difficulty in fixing the line of 
demarcation between the two groups. 

USB. The organic rsmains of the mountain limestone are 
wmnantly marine. It is true that the occurrence of thin 
seams of coal attest the presence of terrestrial plants which 
imiiat have been drifted into the sea of deposit ; and there is 
aome donbt among geologists as to the origin of certain lime- 
atones among the lower strata ; but laying these aside, the 
whole character of the ^up is as decidedly oceanic as the 
living coral ree& of the JPacmc The most remarkable ad- 
vance upon the marine life of former periods, as evidenced by 
•the foBiuls of the mountain limestone, is that which appears 
am<mg the Badiata. In the silurian rocks, the corals were 
chiefly of a sessile kind ; in this group many of th^n are free 
^and independent animals, bearing little or no analc^ either 
io previous or existing forms. The most prevalent of these 
was the Orinoid or Encrimte &mily, of whose exuviie jnany 
beds of limestone are almost wholly composed. Of the encn- 
Atte (Gr., krinSy a lily), or lily-shaped corals, are found 
saamy g^iera and 8ub*genera — ^tne distinctions being made 
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from the external figure of the stalk and head. That exhi- 
bited in fig. A may be taken as the type 
of the class; it is the encrinites monUi- 
fm^mis, so called from the necklace-shape 
of its stalk. Besides the encrinites monili- 
formis, which is by far the most prevalent 
of the crinoideans, there were the penta- 
crinus, five-sided instead of round, th« 
actinocrinuSy or spiny encrinite, the afno- 
crinite, so called from the pear-like form of 
its head, and many others deriving their 
names from similar distinguishing features. 
By examining fig. A, the student will per- 
ceive that the encrinite consisted of a stalk 
composed of numerous joints, rendered 
flexiole by means of cartilage, and perfo- 
^ rated for the passage of an internal canal ; 

I that it was fixed at its base, and supported 

I at its free extremity, a cup-like body (*) 

I containing the mouth and stomach ; that 

I this cup-like body was composed of many 

« pieces, which branched out into numerous 

I tentacula (0 for the purpose of sdzing 

*| its prey. The whole animal is supposed to 

^ have been invested with a gelatinous cover- 

ing, by which its structure was held toge- 
ther. In the skeleton of some specimens, 
not less than 26,000 bones, or pieces of cal- 
careous matter, have been counted, all 
beautifully marked, and ingeniously adapted 
to each other ; and in a framework so liable 
to be broken, we find traces of a power to 
reproduce mutilated parts, such as we find 
in the crabs and star-fishes of the present 
day. Little more is known of the structure 
^^' of these crinoidea, or of the habits and pecu- 

liarities of the different genera. The seas at this period seem 
to have swarmed with them ; their remains are found in every 
stratum of a calcareous character, and masses of limestone 
from 40 to 120 feet in thickness are almost wholly composed of 
them, just as existing coral-reefs are formed of various corals. 
In consequence of the complex constitution of the skeleton, 
and the perishable nature of the enveloping membrane, entire 
specimens are seldom or ever found ; the separate pieces having 
been drifted and scattered about after the surrounding carti- 
lage was decomposed. Fig. B represents a fragment of moun- 
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tain or encrinital limestone, whieh, when sufficiently hard, 
famishes a curious and highly ornamental marble. 



Fig. B.~Fnigment of Encrlnital Limeetone. 

189. Besides crinoidea, the mountain limestone contaitut 
many other species of radiaria — ^branched, fungous-shaped, 
fan-^aped, star-shaped, and tubular. These differ in many 
instances from the corals of the silurian, as they differ from 
those of the present day ; and are confusedly mingled with 
corallines, shells, teeth, spines, and scales of fishes. The 
following engraving represents some of the more prevalent 
forms among the corals and corallines of this era : — 



1. Syringipora. 2. Retepora. 3. C jathophyllum basaltiformo. 

190. The shell-fish of this group are also exceedingly 
numerous, and of curious and gigantic forms. They belong 
to all orders—equal and unequal bivalves, single and many- 
chambered univalves; many of them are not to be found 
in any other strata than those of the carboniferous era. 
Severed families seem (like the oyster and cockle of the 
: present day) to have been gregarious, covering large spaces 
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-of the ocean's bed; Ibr shells are fou&d composing beds 
of limestone firom one to «ix ieet in thickness; others 
to have been solitaiy, changing their places as necessity 
required ; while the chambo^ shells, like the ai^onaut and 
nautilus, possessed the power of sinking^ or floating at plea- 
sure. (See psr. 2SL2,) tSke existing sh^-!fish, they appear to 
have inhabited the bobs at moderate d^ths &om the shores, 
and to have prey«d partly 4m each other, and partly on 
marine yegetabieB. Their nixmb^sand ^i^ indicate a genial 
condition of iiie ooean both as r^^ards temperature ana cal- 
careous mattes' — ^the former foBfcenng their growth with rapi- 
dity, and the Jotter jieldii^ nxateiaBl for the structure of 
their shelly coYerings. Some of the mozse i^ical shells be- 
longing to this fozm£di0n.are the iE^odocta, l^rebratula, Spiri- 
fera, and Inoceraames 4Bman^ the bmlv^s; and the Euom- 
phalus, Ammonllb, Bellerq^on, Orthoceratite, and Groniatite 
among the univalyes, which are chiefly many-chambered. 



1. Frodueta scabriculus ; 2. Inooeramns Tetustus ; 3. Bellerophan tangentialis ; 
4. Qrthooeras cinctum. 

191. Crustacea and fishes liaye been foand in all the man- 
bers of i^ oaiboniferons sj^stem, &om the lowest beds of the 
motmtain Bmestone to tne hi^est of the coal measures. 
The Crustacea are chiefly trQobites, though broken plates of 
other genera are not tmcommon; and eome of the calcareous 
shales yield species bearing a faint analog to the chiton of 
modem seas. The trilobites of the mountam limiestone, how- 
ever, are less numerous and varied than those of the ^urian 
era, of whose Fauna it will be remembered they formed the 
most distinguishing feature. Ichthyolites are exceedingly 
numerous, either as entire fishes, detached scales, spines, 
teeth, or coproHtes. The fishes belong for the most part to 
the Ganoid order, though Placoidians are not unfrequent. 
Many of these are of gigantic size, such as the megalichthys 
(lar^e fish), holoptycmus, &c. and bear so much analogy to 
reptiles in the bones of their head and extemtd covering, as 
to induce M, Agassiz to term them " sauroid fishes." Their 
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palatal bones, spines, and teeth are found in abtoidance, some 
of the latter being more than four inches in length — ^therel^ 
denoting the gigantic size of these predatory annuals. Their 
coprolites (Gr., koprosy dun&p, and Uthos, a stone), or fossil 
excrements, are scattered throughout ihe shales and calca- 
reous strata, and attest, by the J^hnKsale^ bones, &c which 
i^dBf contain, the natuise M the foed on ivi^ch ihej subsisbid. 

4Bf>ia. MEASDSBk 

192. 3%e term " Coal Measures^* is applied to that series of 
rocks which immediately oyerlies the mountain limestone, and 
from which the well-lmown mineral, coal, is obtained. The 

Ois composed of alternations of coals, sandstones, shales, 
of ironstone, fireclay, and layers of impure limestone. 
The coals present ey^ degree of fineneae^and purity, a&d 
are generally distinguisned as follows: — Atftkraeite^ a hard, 
shining yariety, destitute of bitumen, often calkd mineral 
charcoal ; cakiTig, a highly bituminous sort, like that of New- 
castle^ which ca^es or runs together during combustion; 
cubic, leas bituminous, breaking up into cubical masses ; 
cannel, a compact lustrous yariety, iivliieh .breaks with a con- 
choidsd fracture ; jet, still more conq»act and ktBtrous ; and 
lignite, or brown coal, in which the woody structure of the 
yegetables is still perc^tible. The sandstones are in general 
quartzose^ of a dull-white or brown colour, and thick-l^ded ; 
sometimes they are flaggy, or schistose^ and in tiiis instance are 
either of a calcareous or aggillacfBOua chaiacter. The shales 
are all dark-coloured, and bttuminonfl ; the fire-clays grayish- 
white, and more or less sandy ; the ironstone occurs ^th^ m 
bands or nodules; and the limestcmes are all earthy and 
impure. The ironstone of earlier formations occurs either 
in yelns, or is disseminated as colouring maUer through the 
mass ; in this system it appears as an argillaceous carbonate, 
either in thin layers from one to twelye inches thick, in irre- 
splar nodules, or in bands of regular nodules, called eqttaria, 
from the nodule being often internally diyided into numerous 
s^ta, or partitions, as shown in 4 of the following engraying. 
These nodules seem to haye been formed by some process of 
attraction round a central nucleus, as in nine cases out of ten 
they contain nuclei of leayes, teeth, scales, or spines of fishes, 
coprolites, or some other oigamc matter. Beneath is repre- 
sented as central nuclei — 1, a fragment of a plant ; ^ a 
fish-tooth; 5, fossil excrement, or coprolite; and, 4, true 
septaria, with their curious partitions of white carbonate of 
lime, giying the section the appearance of a beetle ; from 
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which circumstance such nodules are known In some plltcei 
as beetle-stones. 



Ironstone nodules, showing varieties of central nucleL 

193. There is no regular succession among the beds of this 

Cip; though it may be remarked, that the thickest and 
seams oT coal abound about the middle of the series. 
Immediately above the mountain limestone the coal beds 
are thin, tne shales thick-bedded, and more or less calca- 
reous; and the sandstones often calcareous and aigillaceous. 
As we ascend, the argillaceous and calcareous members 
become less prevalent, tne coals thicker and more frequent, 
and the shales more bituminous. Further up in the series, 
the coals gradually disappear, fire-clays ana light-coloured 
shales abound, the sandstones become more purely arenaceous, 
assume various shades of colour, and insensibly pass into 
the superincumbent new red sandstone. In general, all the 
members alternate Indiscriminately with each other, present 
various degrees of fineness, colour, and mineral composition, 
and are persistent over extensive areas. Occasionally, a 
stratum will thin out and disappear ; at other times it will 
part, as it were, into two, with a layer of different material 
between ; yet, notwithstanding such anomalies, there is no 
series of strata so regularly deposited as the coal formation. 

194. In the organic remains of the coal measures^ the 
abundance of terrestrial vegetation is by far the most distin- 
guishing feature : though, as mi^ht be .expected from the 
nature of the deposit, marine shells, fishes, and other aquatic 
exuvis are not unfrequent. It has been already stated that 
coal is of vegetable origin ; in other words, that its mass is 
composed of plants altered by compression and that process 
of bituminization described in par. 115. On account of this 
change, it is often impossible, at first sight, to detect any 
trace of vegetable structure; but on closer inspection, the 
woody fibre may be seen in many specimens ; while it is pos- 
sible in almost all to make visible the cells and fibre by ex- 
posing thin slices to the transmission of a powerful light. In 
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t]^ way Mr Witham observed the various vegetable tissues 
in coal, thereby adding another testimony to the numerous 
evidences of its organic origin. In most of the bituminous 
beds, however, the external form is obliterated, and it is 
to detached fossils in the sandstones and lighter shales that 
the geologist is indebted for his knowledge respecting the 
F]pra of the carboniferous era. About four hundred species 
hiive been already determined, chiefly gigantic equisetums, 
ferns, club-mosses, cactuses, pines, and plants allied to the 
bulrush, cane, and bamboo. Most of these resemble existing 
plants merely in their generic distinctions, having belonged to 
species which flourished during the coal-forming period, and 
became extinct with the peculiar conditions of the globe 
which gave them birth. Some of the most characteristic of 
the vegetable fossils belonging to this formation are repre- 
sented beneath; namely — 1. Sigillariay so called from the 
graven appearance of its stem ; 2. GalamiteSy from the reed- 
like jointings of its stalk ; 3. Stigmaria, from its stigmata, or 
punctures ; 4. Lepidodendron (Gr., lepis, a scale, and dendron, 
^ tree), from the scaly appearance of its bark. These fossils 



1. Sigillaria pachyderma ; 2. Calamites cannaeformis ; 3. Siigmaria 
ficoides ; 4. Lepidodendron StembergiL 

opcur in all the members, from the lowest white sandstone 
beneath the mountain limestone, up to the commencement of 
the new red sandstone, at which stage they disappear, and do 
not seem to have flourished during the deposition of any 
siibsequent formation. The best preserved specimens are found 
ii^ the shales and sandstones; tne interior structure of the 
plant being converted into soft quartzose sandstone, and the 
bark, or cuticle, into a glistening bituminous coal. In the 
coal, the vegetable structure is always more or less obliterated, 
t^Qugh sometimes a solitary trunk occurs of the same quart- 
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zose materiBl as those imbedded in the shades and sandstones. 
Q£ these fossil trees, many have been found of gigantic dimen- 
sions ; asy for example, a lepldodendrcm in the Jarrow coal- 
field 13^ feet wide at the base, and d& feet high^ exclnsive of 
the brandies at the top, which were also entire ; and a conifera 
of the genus auraearia in Craigleith quany, 3 feet in diameter, 
and 20 feet long. Besides the sigillaria, &c. above describee^ 
there are numerous species of tre«-fems, club-mosses, equfee^ 
turns, and other oryptogamic plants preserved in the shales ; 
their dark carbonaceous leaves ana branches being often 
beautifully displayed upon the l^ht-coloured ground of the 
mat«*ial in whieJi they ore imbed£d. Of these the following 
engraving exhibits soma of the most characteristic ; namely, 
Aeteroph^lliies (Gr^ aiter^ a stai^ and fHiyU&n^ a leaf) ;. Sphe- 
nopteris {sphen^ a wedge, and pterorif a wing) ; Pecopteris 
{pekoSf a comb, and pteron, a wing) ; all so named from the 
shape of their respective leaves. 




1. stem andleaTBtof AsterophySitaB; 2* Sphenoptois llneaiis; & FIb- 
oiqptoJvMantelli ; 4 Sj^enopteris affinis. 

196. Of the conditi4>n8 of the world duarmg the deposition of 
the carboniferous system^ we have more obvious evidence than 
of those undear which any of the earlier systems were formed. 
The extent of the seas in which the deposit took place is very 
clearly indicated by the course of the mountain limestone^ 
which must have been formed at no great depths &om the 
shore, as its corallines, corals, shells, and other exuvis^, prove 
it to be of littoral origin. All the members of the system, 
wil^ i^e exception perhaps of the limestones, are eminently 
sedimentary; and the numerous alternations of these strata 
evince frequent changes in the depositing agents. At one 
time the rivers seem to have carded down sand to form 
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sandstones^ at another day and mud to form ahale^ mi. ab m 
tlurd period yeeetable drifit to form coal ; for strata of these 
mater&Ia often directly oyerlie each other. It must he home 
in mind, however, that sand^ clay, and plants^ might he^caraied 
down at the same time, and that tiiey woidd arrai^ tbem- 
selves according to their gravity — the sand di^ositmg itself 
along the shores, the mud rarther seaward, and. the veretablea 
in any still hay where currents of wind (»r water might drift 
them. Such an arrangement would take place" under ihe 
ordinary onerations of water ; hut during violeiMi inundatioai% 
there would he a confused intermingling of saad,^ mud, aad 
plants, and this we often discover ; so that^ taking all thinga 
mfo account, we learn that the same agencies of rivers, wav6% 
and tides, existed during the deposition of the caa:honif«ro«» 
rocks as exist at the present day, only on a. more g^pontic aoid 
imiform scale. Looking at the abundance of marine life 
which must have thronged the watens during the fcu-mation 
of the mountain limestone, and at the vast amosunt of vege^ 
tation which the earth must have sustained while the deposit 
tion of the coal measures to<^ ^ace, we are led to infer that 
the earth then enjoyed a much higher and more imiform 
temperature than it has ever since experienced. At present^ 
we find a faint analogy in the Fauna of the tropical seas, and 
in the Flora of the tropical jungles, to those of the carboni- 
ferous era ; but so £unt, that we can scarcely institute a com-^ 
parison betwe^i the results produced. The coral-reefe of the 
I'acific are insignificant compared with the thickness and 
extent of the mountain limestone ; and the vegetahle drift of 
the Mississippi and Ganges comhined, would scarcely produce 
carhonaceous matter suffident to colour one stratum of ^ale.. 
Notwithstanding this, there is a resemhlancehetween^the coxak 
productions of the Pacific and those of the mountain lime- 
stone ; and hetween the palms, tree-ferns, canes, and cactaoee 
of the tropics, and the foasil plants of the coal measures.. The 
heat of the tropics is directly derived &om the son, and the 
torrid zone occupies hut a narrow belt of the earth's surface.;, 
whereas the coal measures are to be found almost in every 
r^on of the globe. The sun could not, therefore, have 
yielded that temperature ^diich nourished the plants and 
animals of this period ; for though the sun's heat had been 

greater than at present, it could not have been universally 
ifiiised. The conclusion, therefore, to which most geo- 
logy have come, is, tibat the earth, originally an incandescent 
mass, was gmduall^r cooled down — ^m)t enough to r^der- 
gneiss and mica schist crystalline; cool enougpa during the 
grauwacke and silunan eras to permit of marine coxals; shell- 
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fish, and Crustacea ; cooler still during the life of the plat^ 
iitshes of the old red sandstone ; and only sufficiently genicd 
throughout the deposition of the carhoniferous period to foster 
a growth of terrestrial vegetation all over its simace, to which 
the existing jungles of the tropics are mere harrenness in 
comparison. This high and unirorm temperature, comhined 
(as suggested hy Brogniart) with a greater proportion of 
carbonic acid gas in the atmosphere, would not only sustain a 
gigantic and prolific Flora, but would also create denser 
vapours, showers, and rains ; and these, again, gigantic rivers, 
periodical inundations, and deltas. Thus all the conditions 
for extensive estuary deposits would arise from this high 
temperature ; and every circumstance connected with the coel 
measures points to such*^ conditions. 

196. With regard to the formation of coal, geologists are 
not yet fully agreed. On examining sandstone or shale, it is 
easy to perceive from their structure, texture, and compo- 
sition, that they must at one time have been respectively loose 
sand and mud, borne down and deposited by water ; but the 
case is somewhat different with beds of coal. This mineral, 
being chiefly composed of carbon, hydrogen, and oxygen — 
the same elements which enter into the composition of plants 
— and revealmg in its mass evidence of vegetable structure, no 
doubt is entertained of its organic origin. But whether the 
plants of which it is composed were drifted down by rivers, 
and deposited along with layers of mud and sand in estuaries, 
or whether dense forests and peat-mosses were submerged, and 
then overlaid by deposits of sand and mud, are the questions 
at issue. According to the latter hypothesis, the vegetable 
matter must have grown in dense jungles for many years; 
then the land must have sunk, and become the basin of a 
lake or estuary, in which situation rivers would wash into it- 
mud and sand, and these would cover the vegetable mass, and 
form beds of shale and sandstone. This being done, it is 
supposed that the area of deposit was again elevated, so as to 
become the scene of luxuriant vegetation ; again submerged, 
and overlaid by new deposits of sandstone and shale; once 
more elevated, and covered with plants, and then submerged : 
and this alternating process of submergence and elevation is 
contended to have taken place as often as there are beds of 
coal in any particular coal-field. The other theory is, that 
while partial elevations and submersions might take place as 
at the present day, the great mass of the coal measures was 
deposited in lakes and estuaries ; that the vegetable matter of 
which coal is formed was drifted into these estuaries by rivers 
and inundations; and that various rivers might discharge 
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themselres into one estuary, some chiefly carrying down sand, ^ . 
vhile others transported plants, mud, and heterogeneous debris. 
This theory also supposes that the transporting rivers yrere 
subject to periodical inundations, and that, during the intervals 
of overflow, the deltas were choked with a rank vegetation, 
which, in conjunction with the vegetable drift from inland, 
vent to the formation of beds of coal. 

. 197. Both theories are at present beset with many difficulties^ 
hoi the latter is the more generally received, as accounting 
for most of the phenomena connected with our coal-fields. 
According to the former theory, a submergence and elevation 
must have taken place for every seam of coal ; and as in some 
districts &om thirty to forty seams occur, varying in thick- 
ness from a few inches to many feet, it is impossible to con- 
ceive how the earth, in this unstable condition, could have 
nourished such a prolific Flora as the coal measures clearly 
demonstrate. It is also justly objected against this theory, 
that some thick beds of coal are subdivided by thin layers of 
sandstone, or ferruginous shale, a fact which would imply that 
2nany elevations and submergences took place even during 
the formation of a single coal bed ; whereas by the latter 
theory, those layers of sandstone, &c. present no difficulty, 
as the river, while it bore down vegetable drift, would carry 
at the same time sand and other debris. Further, shells and 
fishes are sometimes found imbedded in coal ; and it is diffi- 
cult to conceive how these could have got there, unless in the 
ordinary way of deposit and sediment. Forests of conifers, 
palms, and tree-ferns, could not have been submerged and 
covered up with sand and mud, without the trunks being 
i^undantly found in an upright position ; now, this upright 
position of fossil trees is rarely or ever met with. Again, had 
coal resulted from submerged peat mosses, instead of from 
growing forests, there is no means by which we can account 
Tor the occurrence of shells, fishes, and thin layers of sandstone 
in its mass. By the latter theory, all these can be readily- 
accounted for. Over vast deltas, such as those in which it 
supposes the coal measures to have been deposited, there 
would not only occur growing stems of palms, ferns, reeds, 
and the like, to be sdted up perpendicularly, but there 
would also occur morasses choked up with a rank growth 
of grasses, while in the creeks and lagoons, shell-fish, fishes, 
and other aquatic life would abound. In the deltas of exist- 
ing rivers, the latter theory meets with a perfect analogy ; 
and when the student is told of the rafts of the Mississippi, 
the mai^rove jungles of the Niger, and the sand and mud- 
binks of the Ganges (par. 379, 380, &c,), he can have little 
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^iffieoity kk fbnaateg a conceptkfa of the eitttaries in wliMi ^ 
sandftoiie^ ilialM, Bhell limestones, and coal of the cAXboni'- 
ferotts era were deposited. v 

108. The ianems rooki nsMtAated ^ffUh the mrhonififmu^ 
Myitem are all of the trap family— greenstones, clinkstone^ 
liasalts, tn^-tufis^ &o. They are principally composed of 
felspar and hornblende, with admixtnres of clay, angite, and 
occasionally hypersthene. Hie greeMtonee (vulgarly, whin- 
stones) occur in larse indeterminate or tabular masses, and 
aare often hypersthenic 5 the eUnfatones differ little from the 
greenstones ki mineral composition, but are more compact, 
i^Ht up into thin schistose-like frt^ments, and yield a metaliie 
sound when struck by the hammer; the basaUe are easily 
known by their columnar structure, their dark and compad; 
aspect, and from their containing little spherical crystals of a 
g^nidi mineral called elivine ; and the trap-tuff^ are of all 
varieties, from a soft scoriaoeous-looking mass to a confused 
conglomerate of fragments of basalt, greenstone, sedimentary- 
rocks, fitc. The trap rocks of the carboniferous era are easily 
distinguishable from those of any other, ]partly by thenr 
darker colour, and from the fact of their yielding more or 
less bitumen by distillation ; and partlv from the prevalence 
of basalts, and of trap-tufis containing fragments of limestone, 
sandstone, and shale. Among the traps of the old red sand- 
stone, felspar, porphyries, and amygdaloids prevail, but are 
rarely to be met with among those of the coal measures ; 
while, on the other hand, the traps associated with the 
tertiary strata assume a lighter colour, and a decidedly scoria* 
ceous and lava-like aspect. 

199. The posiHom of the carboniferous trap rocks are either 
disrupting, overlying, or interstratified. They disrupt and 
elevate, as in the mountain limestone hUls, and m the 
rounded heights and isolated irregular cones of the coal 
measures, fiasalt, or ^enstone, sometimes overlie, as if 
poured in a state of liquid lava over the subjacent strata ; and 
trap-tufis also overlie, from their evidently having been 
strown abroad in the form of volcanic dust and ashes. The 
trap rocks of this era more frequently assume the interstrati- 
fied form than those of any other formation ; apparently from 
the fact, that volcanic discharges took place m the seas and 
estuaries in which the coal measures were being deposited— 
these discharges, whether in the form of lava or ashes, being 
overlaid by sxibsequent deposits of sedimentary matter. 

200. The structure and texture of these igneous rocks differ 
as widely from the granitic series beneath as from the 
volcanic above. They are generally close-grained, and less 
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4isimcUy crystalline than the fonner, and more eompa^ and 
leas Tesicalaa* than the latter. The atraetiire of the tnfis and 
porph^es is massive and mdet^minate; of the greenstones 
sometmies massive, bat genera^ tabular or cnboi&l ; and of 
the basalts always columnar. Tnis difference in tiie structure 
and texture of these rocks se^ns to have arisen not so much 
firom any difference in their mineral composition, as from the 
circumstances attending their cooling. This has he&i naix^ 
;factorily proved by the experiments of Sir James Hall and 
Mr Gr^ory Watt, who, by fusing various kinds of trap, 
produced, by different modes of cooling, not only columnar 
basalt, but spherical greenst^teie and vesicular tufa. The 
same substance which, when suddenly cooled, forms a black 
glass or dbsidian, will, by a dower process of refrigeration, 
form basalt, or, by a stiU slower, pass into earthy tufa. By 
gradually cooling the fused mass, columnar basalt may be 
formed ; but if, at a certain stage of the process, it be rapidly 
cooled, spherical masses will be produced, which, when ex- 
posed to the weather, exfoliate, or decompose coating after 
coating. By these experiments, it was also proved that the 
primary form or crystal into which volcanic rock arranges 
itself when cooled, is spherical ; and by these spheres pressing 



StafGEfc— Fingal's Gaye. 



Upon each other, are produced tabular, cuboidal, and colum- 
nar forms. This fact can be readily illustrated by puttinj; a 
number of spherical pellets (of putty or any other yielding 
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material) into a vessel, and then gently pressing upon tlieiri, 
when they will be seen to arrange themselves in five and sijc- 
sided columns, precisely similar to the five and six-sided 
columns of StaflFa, or the Giant's Causeway. 

201. The effect of igneous forces vpon the coal measures has 
been to throw them into troughs and basins, to elevate an^ 
depress them in a very extraordinary manner. The following 
engraving represents a section of the South Gloucestershire 
coal-field (omitting faults), and may be taken as the type of 
the trough or basin. Here a is the elevatory axis of th6 




o c 

Trough or Bajsin Form of Coal-fields. 

Mendip hills, overlaid by the old red sandstone d; b b are 
strata of carboniferous limestone resting at a high inclination 
upon the slopes of the hills, and reappearing at/; c c and the 
other darkened layers are beds of coal ; e e e denote the new 
red sandstone lying unconformably upon the coal measures ; 
g g detached outliers of lias ; and A is a detached outlier of 
inferior oolite, which are respectivelv continued in i and k ; 
I is the upper oolite, and m m are beds of Oxford clay situated 
to the north of the town of Malmesbury. The upthrows and 
downthrows of the coal strata, which have taken place in 
consequence of irregular upheavings and sinkings among the 

masses on which 
^ they rest, are re- 
presented in the 
subjoined figure. 
Here the faults 
) or slips d d d, 
and the dyke e, 
are respectively 
accompanied not 
only by an . up- 
throw or down- 
throw, but also by a dififerent inclination of the strata. This 
mode of fracture is of frequent occuiTcnce in every known 
coal-field, showing in a striking manner the nature of the 
agitations which have taken place below. In the vale of the 
Bsk, in 'Mid-Lothian, which does not measure more than ten 
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miles eatch way, the coal-field shows 120 ascertained dislocations, 
one of which, at Sheriff hall, throws down the strata 600 feet. 
In the Newcastle coal-field, there is a famous slip called the 
ninety-fathom hitch, the deviation from the line of stratifica- 
tion being no less than 450 feet. The coal-fields of Fife and 
Clackmannan abound in such dislocations, several of them 
throwing the strata from 400 to 1200 feet up or down, as the 
case may be, from the general position. 

, 202. The extent of country occupied by the carboniferous 
syitem is not great, the deposit being found only in limited 
and detached areas. It occurs largely in the British islands, 
and to this circumstance is mainly owing our greatness as a 
nation — ^the formation being rich in coal, iron, and lime — three 
of the most essential minerals to civilised existence. It pre- 
sents itself in the Lowlands of Scotland, in the northern and 
middle districts of England, in Wales, and in Ireland ; it 
occurs also in some districts of Spain, in central France, 
Germany, and in Middle Europe ; in Hindostan, in Australia, 
and New Zealand ; in the island of Batavia, and on the 
eastern coast of China ; in Melville island ; in Nova Scotia, 
and in the States of North America. 

203. The physical aspect of carboniferous districts is rather 
tame and unprepossessing. The hills connected with the 
mountain limestones sometimes present considerable variety 
of scenery, owmg to the bold escarpments of that rock, its ex- 
tensive fissures and caverns, and the irregular undulations of 
the trap. These features are also aided by the general verdure 
and fertility of limestone districts, which present a freshness 
and luxuriance peculiar to themselves. The coal districts are 
almost always tame and unattractive, relieved by few eleva- 
tions or depressions of picturesque beauty, and being, in ge- 
neral, bleak and unfertile from the cold and retentive nature- 
of the soil. Occasionally, a basaltic crag or isolated trap-hill 
relieves the monotony; but this is the exception to the- 
general rule. 

204. The economical value of the carboniferous system fully 
compensates for any deficiency in the fertility of its soil, or m 
the picturesque beauty of its geographical features. Building^ 
stone of the finest quality (of vmich that of Craigleith, near 
Edinburgh, and of Calelo in Fife, are good examples) are 
obtained from the sandstones beneath the mountain limestone ; 
while the millstone grit and flaggy beds of the coal measures 
yield other valuable freestones. Of all the limestones in the 
crust of the earth, the Mountain is that which is most valu- 
able and abundant ; and from it are principally derived those 
stores of lime so indispensable to the purposes of the builder, 
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agricoUuriBt, iron-founder, &c. Where the enoriBal beds are 
gnffidjflntly hard and erjrstalline, thej fdmiah a rery prettil^r- 
marked mttrbie ; the joinie, stalks, plates, and star-like tubes 
o€ the eorals seining ont frtan ^ daricer matrix in "vdiich 
they oie imbedded. Many ornamental 9^r% (Derbyshire 
^ar) are found in the Teins of the mountain limeirtone, which 
are also the principal sources of lead ore in the British islands ; 
Derbyshire, Alston Moor in Cumberland, and Lead Hills in 
Lan^Kshire, being well-known lead-mininr districts. Silver 
and gM are both more or less associated wiw the ores of lead, 
eiq>ecially the former ; but ihej are seldom sought aftw, m:i- 
leas in c<mn^don widi lead. Fire-day is dog up from the 
eoal measures for the making of fire-bricks, rornaoe linings, 
^. ; ochre (hydrated oja& of iron), which occurs in 
aeveral coal-fields, is extensively used as a pigment ; and aium 
(sidphate of alumiua) is obtained from many of the pyritous 
shales of Germany. Jronstoney which is found in tne coal- 
shales either in bands, noduleci, or septaria, is one of the 
most y£duable products of the carboniferous 83r8tem. It Is 
obtained in great abundance, and being easQy reduced to 
a metallic form by the implication of coal and lime, in 
which the system abouncte, it may be said to form <me of 
the prime dements of our oouni^'s mechanical and €om- 
mereial greatness. About two millions of tons are amm- 
ally manufiustured in Britam for the fabrication of the 
innumerable machines, utensils, and implements to which 
<Mkst-iron, malleaKLe-iron, and steel, are rei|>ectiYely applied. 
But notwithstanding the XKBi valne of these rocks and 
metals, they do not equfd in unpoitance tibose strata of 
mmlf which foran the main distingnishii^ feature of the 
system. The varieties principally used in Britain are caking, 
aplint, cubic, and cannel coal ; anthiacite is that mainly em- 
moyed in itia United States; lignite and brown coal in 
Germany ; and jet wherever it can be obtained, for the manu- 
facture of ornaments. Coal, of which we have historical 
notice so eariy as the be^;inmiig of the twelfth century, is 
iustly regarded as the mam support of tilie whole system of 
British productum ; it foses the metals, xooduoes steam whidi 
aets machinery in motion, yidids ^ for ^ght, heats our apart- 
ments, prepares our fi)od, and, m shoit, renders all the re- 
sounses of nature fit for eiv^Used use. The annual consump- 
tion of coed in the British empire is estimated at about thirbr 
inillions of tcms ; and the export at from three to fi>ur mfl- 
iioBs. At this rate of consumptitm, lean have been entertamed 
that our coal-fields would speedily be exhausted ; and Utese 
Utm, considering that the deposit is limited, ore »»t altoge&er 
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wlihoat fo^BdaUoB. However, cal<»ilatbig the amount of 
mvwTOUglit coal in South Wales, in the middle and northern 
districta of England, and in the Lowlands of Scotland, and 
making allowance for more perfect systems of mining, and 
more economical modes c^ hurma^ it is estimated that, at th« 
present rate of consumption, there Is coal sufficient to meet 
the ^mand for 2000 years. 



BIVLANATOBT NOTE. 

Carbonifebovs (IM; (mho^ coal, and fero, I \ 
«oalryleldiiig ; apphed to that system of strata from which the 
•applies of co«l are obtained. 

SuB-cRYSTALLiNs-^less thiui crystalHne. or not distinctly crystallised. 
In geology, the prefix mb is often used in tMs sense ; tlms we Wf 
columnar basalt, when the columns are distinct and regular in shape, 
and sub-columnar, when the mass presents traces o| an IrreguW 
ooloBmar structure. 

Bnceimites. — In many instances, the calcareous matter of the &0r 
erinite has been dissolved, so as to leave a screw-like cast of the imper^ 
foration and jointings. These casts are known by the vernacular 
names of screw-stones and puUcv-stones ; just as turbinolise (fig* 2, p. 87) 
are Cidled by quarrymen pipe-heads, and the smaller stalks of encrinites 
pipe-shanks or tubes. Separate pieces of the stalks are known in the 
north of England as St Cuthberfs beads, from a legend alluded to by Sir 
Walter Scott k the f<^wing lines :^ 



-On a rook, by Lindisfame, 



8t €at]ilB6rt site, and t(^ to frame 
Hie sea-bom hoads which bwr his nai»«. 

From the whed4ike shiqpe of the pieces which compose the stem of 
the encrinite, they are sometimes technieally termed eniroeki {trochtu, 
a wheel), and the limestone through which tiiey are scattered entro^tal 
Unustone, This term, however, is principally applied to the pieces of 
the minutest stems. 

LiMESTONB CAVEBMS. — Gavcs and fissures present themselves in aU 
tookM wh&eh have been subjected to the influence of subterranean 
movraaenti, or to the eroding power of water ; and may thus occur 
either In Igneous rock, as Fingal's Cave in Stafifa, or in sandstone, as 
the caverns of Arbroath* It is, however, in limestone that the most 
celebrated caves and grottos are to be found ; indiscriminately in the 
mounti^ magnesian, or oolitic beds, but on a scale of far greater 
•pkndoor and magnificence in the former. Those of Derbyshire, 
Mitohelston in Irejaad, Paros and Ai^iparos in the Archipelago, 
Australia, Sw, are exampioB of this cla«s, and have been formed partly 
from fissures caused by igneous movements, and partly by the eroding 
faifluence of springs and subterranean streams. The joints and divt- 
sAonal planes whieh so numerously intersect the mountain limestone, 
no doubt greatly facilitate these excavating operations. 

JiMTttJUcm ((sfar., dsOivur, eoal)"-ia variety of eoal almost wholly 
deprived of its bitiuoMO. Xt may be regarded as a natural charcoal 
formed by sobteixaiwia (nt by ^immu^miL Conunen bltumiiiMsi 
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^oal is often found converted into anthracite by effusions of igneowi 
rock ; and this takct su^ests the idea that all deposits of the kind latefB 
been similarly produced The most extensive fields of anthracite ai» 
in Pennsylvania and the bordering states of North America. 

Bitumens op the carboniferous system. — Besides the many 
varieties of coal, which are bitumens mingled more or less with earthy 
impurities, there are other bituminous substances derived from the 
system. Naphtha, petroleum, mineral pitch, and asphalte, ooze out hf 
rents ; mineral caoutchouc (elaterite, or elastic minend pitch) is found 
in crevices of the limestone ; and a number of mineral resins and fats 
— such as common mineral resin, sphero-resinite (globular drops of 
mineral resin), mellite (crystallised resin or honeystone), Hatchetine, 
(mineral tallow), &c.— are obtained in small quantities. Carburetted 
hydrogen (fire-damp) and carbonic acid gas (choke-damp), both «o 
&.tal to miners, seem to be evolved from the coal beds after the sane 
manner as several of the above-named products. 

CJoPROLiTES (petrified excrements) are foimd in all the systems of 
the secondary and tertiary epochs. - They are chiefly the voidings of 
fishes and sauroid animals, and yield unequivocal evidences of their 
origin in containing scales, bones, and other fragments of the crea- 
tures on which these voracious animals preyed. Many specimens of 
coprolite retain on their external surfaces the convolutions and oorrugar- 
tions of the intestines ; and masses of it have been found to situ withki 
the ribs of ichthyosauri. 



NEW RED SANDSTONE SYSTEM. 

205. After the deposition and upheaval of thei carboniferous 
system, a new^ era occurs in the history of the globe. Over- 
lying the coal measures in some places conformably, and in 
others not, there appears a set of red sandstones, variegated 
(yellow, purple, and greenish) shales, thick-bedded magnesian 
limestones of a cream colour — all of which present an aspect 
not to be mistaken for any previous system of strata. As to 
their organic remains: there are a few species of marine 
zoophytes, shells, and fishes, but scarcely a trace of vegetation, 
showing that the conditions which gave birth to the exuber- 
ance 01 terrestrial plants during the coal era had undergone 
an extensive and peculiar change. To these red sandstones, 
magnesian limestones, and mottled shales, the term New Red 
Sandstone System has been applied, in contradistinction to the 
Old Red which underlie the carboniferous strata ; and this 
term we adopt in preference to those of Poikilitic (Gr., 
poikilos, variegated) and Saliferous (salt-yielding), which are 
in use by som^ geologists. 

206. The composition of the New Red Sandstone may he 
said to be arenaceous, argillaceous, calcareous, magnesian, and 
valine. The xirenaceous members are chiefly reddish sand- 
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$iisn^ of various fineness^ from a hard quartzose grit to a 
in*ecciated conglomerate. Few of them are laminated or mica^- 
eeoiis, and the thicker heds often present curious spherical 
concretions of a harder texture, containing some foreign sub- 
stance as a nucleus. . The grains of the sandstones are of a 
cleai^ quartz, merely coloured externally by a coating of the 
led oxide of iron/ as if the debris of the rocks from which th^y 
were derived had been deposited in ferruginous waters. The 
argillaceous members are usually called "marls," from the 
fact of their often containing a little calcareous matter, and 
being less laminated in structure than the coal shales. They 
are generally red ; but are sometimes mottled puiple, yellow, 
and green (called variegated marls), and contam irregular 
beds and plates of gypsum (sulphate of lime). The caled- 
reous members vary from an almost pure carbonate of lime to 
an admixture of carbonate of lime and carbonate of magnesia 
—thence called Magnesian Limestone. They vary in colour 
from an ash-gray to a cream-yellow; are sometimes finely 
laminated ; at other times granular and crystalline, and in 
this state called dolomite, after M. Dolomieu. Frequently, 
a layer exhibits a cellular or vesicular texture, the walls 
of the cells being sparry, and the cells themselves filled 
with loose powdery limestone. This cellular structure is 
abundant in the magnesian limestone of Durham, and has 
received various terms from the shape of the cells ; as honey- 
combed; botryoidal, composed of little spherical concretions 
like a bunch of grapes ; and mammiHary, when the concretions 
assume an elongated or pap-like shape. These concre- 
tionary and cellular fonns are said to be coralloidal — ^that is, 
like to corals in shape ; but they have nothing to do with 
organic structure, being merely the result of chemical or 
mechanical aggregation. The saline members are chiefly rock- 
salt, which occurs in white crystallised masses, or reddened by 
the argillaceous sediment among which it occurs. Salt springs 
abound in the new red sandstone, partly from the shales 
being all more or less impregnated with salt, and partly from 
the decomposition of the rock-salt itself. Gypsum occurs 
among the marls either in films or foliated fragments, the 
latter variety being the selenite of mineralogists ; and oxide 
of copper is the green colouring matter of the shales. 

207. The order of succession among the members of the new 
red sandstone is not very regular or persistent. In England, 
the lower part of the seiies consists cniefly of red sandstones 
and grits, the middle of magnesian limestones and gypseous 
marl^ and the upper portion of variegated sandstones and 
marlsy enclosing local deposits of gypsum and rock-salt. On 
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aocotmt of thk triple succafleioiiy Frofenor Sedgwidc hm 
dinded the syatem into the foUowing groups :«- 



€hmq)i* 



UPPER. 



T. Ta&iboated marls— red, with bluish, greenish, aaod 
wliitish laminated clays, or marls holing gvpsum gen- 
erally, and roeh-rndt partially Tas in C«iesltire). ht- 
eluded in these marla ara oeitain bedi of gnj and 
whitish saadatonea. 

6. Va&iboated SANDSTONE&-*^«d sandstoues with white 
and mottled portions, the lower parts in some dia- 
trlots pebbly. 

'5. Laminated LiMEnONBS of Knottingley, Doncaster, &d. 
with layers of cokmred mark. 

4. Otpsbocs MABL8— red, bluish, and mottled. 

3. Maonesian LiMBSTONE—yellow and white ; <tf yarious 
texture and structure ; some parts full of fragmentary 



JUDBLB. 



^ Mabl slatbs — laminated ; impure calcareous rocks of 

a aoft argillaceous or sandy nature. 
'L Bbd aAiu>sn>N£— with red and purple marls, and a few 
micaceous beds. The mts are sometimes white, or 
IiOWBB. i yellow ; and pebbly. When conformable, this sand- 
stone occasionally passes into the coal measures on 
which it rests. 

It must not he supposed, however, that the system always 
forms so complete a section ; for in some places the gypseous 
marls predommate, in others the magnesian limestone, wnile in 
several a mass of redstones, with subordinate lavers of coloured 
shales, represent the whole system. The following table 
ehows how the deposit occurs in Germany, England, and 
France ; ^m which the student mav also learn the important 
fact, that it is by general types, and not by any conventional 
series of strata, tnat systems are to be identi&d in different 
countries i-^ 



osBMAirr. 
Xeuper Marls and 

Grits. 
Muschelkalk. 
Banter Sandstein. 
Stinkatein ; Rauwack^. 
Gypseous Maris. 
Zechstein. 
Kupfer Schiefer. 
Bothe-todte-liegende. 



BKai.AVI>. 

Variesated Marls and 



Tariegated Sandstone. 
Ul^>er limestone. 
Qypaeous Mark. 
Maffnenan limestone. 
Marl Slate. 
Lower Bed Sandstone. 



FRAXCB. 

BCamesIrSse^ 

Muschelkalk. 
GhresBigarr^ 



Ores Rouge. 



208. ^^The organic remains of this system," says Professor 
Phillips, ^'though few in number, are exceedingly interesting 
to the naturalist and geologist, ^m the strong testimony 
they offer of the successive changes of the livmg creation^ 
aocording to the new cjurcumstances of the land and sea. The 
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£mhQ plants, Bhells, fishes, and reptiles of ^lis sjrstem, appear 
to paitake both of the eharacter ot those in the older carooni- 
ferous, and the newer oolite deposits. Cidamitesy like those of 
the coal formation, ore mingled with cycadec, resembling 
dosely ^ose of the oolites. Productfe, so common in moun- 
tain limestone, occnr in the zechstein with terebratulie, like 
tiiose o£ the lias and oolites. Fishes of ihe genus palconiscos 
here oeenr for the last time, in ascending the series of strata ; 
and here, perhaps, for the first time we have remains of 
oYiparons quadmpeds— the protosauras and phytosanms.'' 
Exmbiting this transition from one system of ufe to that of 
another, the new red sandstone hea been regarded as the 
boundary between the Lower and Upper SsocmDART Strata 
—the old red sandstone, mountain limestone, coal measures, 
and new red sandstone, belong to the lower or older secondary 
formation ; and the lias, oolite, and chalk, to tiie upper or 
younger secondary. 

209. The number <f fossil species hitherto detected in the 
new red sandstone of England amounts to fifty or thereby, 
while fully thrice that number has been found in France and 
Germany. These consist of traces of marine pleoits, a few 
terrestrial plants, several zoophytes, one species of crinoidea, 
about two dozen species of bivalves, one chambered shell, 
several fishes, the mutilated skelet<ms of two sauroid ani- 
mals, and the traces of footsteps, called icftntfo«, from the 
Greek ichnon, a footmark. Like the vegetation of the coal 
era, the plants of the new red sandstone are chiefly vascular 
cryptogamia ; the corals, bivalves, and fishes, are apparently 
the same ; and it is only in the chambered shells and in the 
sauroids, that new tjrpes are presented. Altogether, the sys- 
tem seems to have been deposited under circiunstances pecu- 
liariy unfavourable to animal and reg^ble life ; at least few 
organic exuvis are to be met with in its strata. 

210. The igneous rocks iusooiated wi^ ^ svstem are chiefly 
dykes of greenstone, which pass indiscriminately throueh the 
magnesian limestone, coal measures, and old red sandstone. 
These dykes belong to no definite volcanic era, but seem to 
have been formed by minor forces acting over limited extents. 
The granitic rocks of the primary period, as well as the traps 
of the old red sandstone and carboniferous measures, establish 
themselves in weU-nuurked and characteristic ranges ; while 
the igneous rocks of the new red sandstone^ lias, and ooute, are 
mere local effusions limited to dykes and partial upheaves. In 
their mineral character, these rocks differ little fiiom the tnms 
of the coal measures— consisting chiefly of greenstone^ pit(»- 
stone, and clay-stone porphyry. 
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211. The extent of country over which this system is »pi««*# 
is not well ascertained. Slight traces of it occur on th# 
western coast and islfluids of &x)tland, and on the Fife shores 
of the Forth ; it occupies a wider area in the hasin of tiie 
Solway and its tributaries ; spreads largely over the central 
districts of England from the Tyne southwards ; and is found 
in the north of Ireland. Extensive areas are covered by it in 
the continent of Europe — ^in France, Germany, Poland, along 
the flanks of the Alps, in Austria, and between the Volga and 
the Ural mountains ; and, according to Professor Hitchcock^ 
it is spread over considerable spaces in some of the river 
valleys of the United States. 

212. The physical aspect of new red sandstone districts, as 
may be conjectured from the limited force of the igneous 
rocks, is rather flat and gentle. There are no picturesque 
crags, mountain ranges, or deep ravines to diversify the 
scenery ; which consists of rounded terraces of magnesian 
limestone, and level expanses of red sandstone and shales, here 
and there dotted with a gentle eminence of limestone or gravel. 
Over the limestone the sward is thick and verdant, and the 
soil above the red sandstone is of average fertility ; but where 
the retentive shales spre^ out in flat hollows, they form the 
basis of extensive morasses — as, for example, those of south 
Lancashire, in England. 

213. The minerals of commerce derived from the formatioi^ 
are not numerous — the most important beine magnesia and 
rock-salt. The magnesian limestone, when reduced to quick- 
lime, is employed with efifect on certain soils ; it furnishes the 
builder with mortar ; and yields, under chemical treatment, 
the magnesia of the apothecary. In some localities it furnishes 
a beautiful and durable building-stone ; that of Bolsover moor, 
in Derbyshire, being the material employed in the construc- 
tion of the new houses of Parliament. Some of the limestone 
schists are also suitable for litl^ographic purposes, the admired 
Grerman blocks being chiefly derived from this source. Gypsum 
is obtained from the marls of the series, which also yield 
the main supply of rock-salt in various parts of the world-^ 
such as Chesliire and Worcester in England, in Spain, Poland^ 
Germany, and Austria. This salt occurs in beds or irregular 
masses, from 10, 20, or 30 feet, to 120 feet m thickness ; is of 
various degrees of purity and colour. Sometimes it contains 
scarcely two parts in the hundred of foreign matter, at others 
it is of a red colour, and mixed to the extent of half its bulk 
with earthy impurities. Brine, or salt-springs, which often 
issue from this deposit, contain from 20 to 30 per cent, of sal^ 
and are doubtlessly derived from the solution of the solid 
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by BuMerranean waters. The Tcupfer-schiefer of Ger- 
many is worked to some extent as an ore of copper ; bat no 
other metal is derived from the system. 

214. The formation of rock-salt is a subject, in connexion 
with this system, which has much engaged the attention of 
speculative geologists. The sandstone and marls with which 
it is associated are evidently derived from deposition in water ; 
but the irregularity of the salt beds, the fact of their occur- 
ring in masses of vast thickness, and the soluble nature of the 
compound, all point to a somewhat different origin. At pre- 
sent, salt lakes and superficial accumulations of salt occur in 
various parts of the world, and these have furnished data for 
reasoning as to the saliferous deposits of earlier eras. Salt 
lakes are chiefly derived from salt springs, and being subjected 
to the vaporising influence of the sun, which carries off only 
fresh vapour, their waters become in time saturated with saline 
matter. But water can hold only a fixed amount of salt in 
solution ; and so soon as this amount is attained, the salt be- 
gins to fall to the bottom by its own gravity. In the course 
of ages, these layers will form a thick bed, interstratified, it 
Biay be, with mud, or other earthy sediment ; and if the lake 
should be ultimately dried up, the salt will constitute a deposit 
something analogous to the rock-salt of the new red sandstone. 
Such is the process which some geologists have advanced to 
account for tne formation of rock-salt — supposing that por- 
ticms of the seas of deposit were occasionally cut off worn 
connexion with the main ocean, and subjected to a rapid 
evaporating power, without receiving fresh accessions of 
water. The limited extent of rock-salt basins seems to favour 
such a theory ; but when we consider the frequency of dis- 
tmbance by volcanic forces in earlier ages, and the fact of 
many of these deposits occurring near to, or in connexion with, 
mountain elevations, it is more than probable that igneous 
action, as well as a high atmospheric temperature, had to do 
with their formation. If such were the origin of rock-salt, 
it must have been formed during the deposition of other sys- 
tems than the new red sandstone ; and tnis geological research 
has confirmed ; for although the most extensive accumulations 
do occur amid the sandstones and shales of the system under 
review, still, deposits of considerable thickness are found in 
connexion with oolite, green-sand, and tertiary rocks, while 
numerous salt springs issue from the carboniferous strata. 

216. The formation of magnesian limestone has also given 
rise to several theories. Minute quantities of magnesia occur 
variously combined in the crust of the earth ; but only in the 
limestones of this system is it sufficiently developed to consti- 
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tnte a peenliar and distingaidiii]^ feafeme. Hie most fr&- 
Talent hypotheses adTanced to account for this pecnliarity are 
— first, miEit the carbonate of magnesia was deposited at Uie 
same time as the carbonate of lime ; and, secono, that it was 
snbseau^itly injected in the form of gaseons vapour. Neither 
h jpotnesis seems to account for all the phenomena presented ; 
altnoi^h the foimer is that -which, admits of most extensire 
applioe^KHi* 

XXFLARAXOBT N OtB. 

New bed sandstone stsiek. — In some recent workg, it has been 
attempted to anange the rocks of this system, as developed in Eng- 
land, under two grand divisions ; the first including the lower new r^ 
sandlstone and magnesian limestone, and the second the variegated 
sandstones and gypseous mads. This arrangement has been made in 
order to &eilitate comparison with the oontempManeous systems of 
continental and eastern Europe. In Qermany and the neighbouring 
countries the former division corresponds with the RoOie-toS^-liegendey 
and the latter with what is now ffenerally Imown as the 'Music 
system (so called firom its being readily divisible into three groups — 
the Bnnter Sandstein, Musohelkalk, and Eeupw Marls). To ^ rocks 
of eastern Europe, which seem contemporaneous with the new red 
sandstone, Mr Murchison has lulled the term Permian tyttem, from 
their being "^dely developed m the ancient kingdom of Permia, 
which extends for several hxmdred miles along the western flanks of 
the UraHan chain, and thence westward to the river Volga. 

Zechstein (mine-stone) — so called from its oolttainmg a deposit 
(Kt^i^er-sekiefer, or copper-slate) which is worked as an ore of copper ; 
and the underlying sandstone has received the name JRothe-todte-tii^mtde 
([red dead-lier), because it is of a red colour, is dead or worthless as 
fiur as any metallic ore is concerned, and underlies the real metallic 
deposit. I^e other terms, Stinkstein, MuscheOcaUk^ Gres Rouge^ &e. re- 
qmre no translation. 

IcHNiTBS, or fossil footsteps, present a curious example of the means 
by which geologists are enabled to decipher the history of the earth. 
Most people must have observed how distinct the impressions of the 
feet of birds and other animals are often left on the mud or sand of 
ebbing rivers. If this mud should remun exposed to the sun and air 
till sufficiently dried, and then be overlaid by some new sediment, the 
impression of the foot will form a mould into which the new matter 
wiU be deposited. Should the two layers ever be consolidated into 
stone, on being sepaiated, the one would present a mouldy and the 
other a ead of the footsteps ; and this is precisely what takes place 
among the strata of the euih^ crust. Fossil footsteps have been dia- 
covered in the new red sandstone of Cocklemuir m Dumfriesshire, 
and in that of Hildburg^ausen in Saxony, supposed to be those of 
reptiles; hence termed, saturoidichnites. Others nave been detected in 
the sandstones of Connecticut, United States, and ascribed to gigantic 
birds allied to the ostrich fiunily ; consequently called Orm^wtmtesy 
from the Greek words crm$, a bird, and idmon, a trace or footprint. To 
these Professor Hitchcock adds a third class, tetrapodichnites, or the 
footsteps of some xaa!kDQwafiur-/x4ed animal. 
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OOLITIC SYSTEM. 

MAS, OOtlTB, AHD WEALDBK OBOtTA* 

216. After the depoHtion of the new red ecmdetone^ a farther 
change was e£Fected upon the general conditi<nia of the globe^ 
so as to produce not only an entirely different set of strata^ 
hut also difierent races of plants and animals. In most dis- 
trictSy the red sandstones and magnesian limestone were up- 
heaved, to form new land, while portions of the former dry 
limd were suhmerged heneath the ocean. By this process of 
eleration and depression the courses of previous rivers would 
be altered, former seas circumscribed and rendered more 
shallow, plants and animals subjected to a new distribution,, 
and thus a different set of deposits would necessarily ensue. 
Instead of magnesian rocks, we have dark argillaceous and 
oolitic limestones; for tariegated saliferous marls, we have 
blue pyritous clavs; and instead of red and mottled sand^ 
stones, yellow calcareous grits. All this points to a new 
epoch in the terrestrial conditions of the world ; and to the 
system of strata thus deposited geologists apply the term 
oolitic (Gr., ooifiy an egg, and lithoe, a stone), nrom the resem- 
blance which the texture of many of the beds bear to the roe 
or eggs of a fish. Oolite, or roeslone, is an aggregate of 
rounded calcareous particles, varying from the size of a 
millet-seed to that of a marble — ^the smaller being almost 
perfectly spherical, the larger irregular, and having their 
interstices filled with calcareous matter or broken shells. The 
system in England comprises three well-defined groups^ 
liamely, the Lias, the Oolite proper, and the Wealden clays. 

217. The lAaSy the lowest group in the system, is composed 
of dark argillaceous limestones, bluish clays, and shales. The 
clays in general predominate, and occur with hiterstratified 
limestones; they contain occasional layers of jet or other 
coal: ironstone in septaria is not unfrequent ; and many of 
the shales abound in bitumen and iron pyrites. As indicated 
by the name (lidSy corruption of layer s\ the limestones are 
finely stratified, and have evidently been deposited in tranquil 
waters. Most of the shales, in addition to their bituminous 
and pyritous qualities, are imprecated with muriate of soda 
(common salt;, and with the sulphates of magnesia ttid soda : 
and Mr Bakewell states that it is not uncommon, after wet 
w«aiher, for the Yorkshire sea-cliffs, which are composed of 
these shales, to ignite spontaneously, and bum for several 
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months. The Oolite is more varied in its composition, consist- 
in? of oolite limestones, calcareous grits, or conglomerates^ 
yellowish sands, and clays all more or less calcareous. The 
peculiar rounded |^rains which constitute the oolitic texture, 
consist either enturely of lime, or of an external coating of 
lime, collected round minute particles of sand, coral, shells, 
&c. ; the grits are composed of sand, lime, fragments of shells 
and corals; and many of the clays present the same hrec- 
ciated texture. The Wealden group (from the wealds or wolds 
x>f Kent and Sussex, where the deposit prevails) consists of 
heds of hluish clay, argillaceous limestones, impure oolites, 
and ferruginous sandstones. Nodular ironstone occurs in the 
«lays, and beds of pisiform (Lat., pisum^ a pea) iron-sand are 
occasionally met with, while o^dde of iron is more or less 
4iflFused tlirough the whole group. Fossil plants are abun- 
dant ; and, as may be expected from this circumstance, local 
traces of coal are not unfrequent. 

218. Talcing the whole system into account^ it is apparent that 
calcareous and argillaceous compounds prevail ; indeed it may 
be said to be an argillo-calcareous deposit, including subor* 
^ate layers of sandstone, bands of ironstone, and traces of 
coskl. Among the lias strata, dark hues prevail ; among tha 
oolite, cream-yellow and ochraceous colours ; the clays of the 
wealden are dark blue, while its other beds partake of a ferru^ 
ginous tint. 

219. With regard to the succession among the strata, no very 
Tegular order is observed ; though no fact in geology is better 
established than the supraposition of the lias, oolite, and 
wealden, as above-described. The lias is the most extensive 
And persistent of the three c^roups, and seems to have been 
deposited over wider areas ; the oolite is less persistent, being 
often interrupted by changes from sandstones to brecciated 
grits, and from grits to oolitic limestones ; and the wealden is 
the least extensive, being justly re^rded as a half estuary 
half marine deposit, peculiar to certain districts. Taking the 
system as developed in England, the following is the ascer- 
tained order among the strata, between which and the con^ 
temporaneous rocks of the continent there is no essential 
jnineral or fossil distinction : — 

'Blue lamin&ted clays, coniainin^ concretional iioiH 

stone and thin layers of aigiUaceous limestoncw 

(The weald clay.) 
Sands and sandstones, frequently ferrag^ous ; beds 

of clay and sandy shale, all more or less calca* 

reous. (Hastmgs sands.) 
Various estuary luneetones, alternating with i 

and clays. (Purbeck beds.) 
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1 'Portland oolite ; calcareous irony sand and concre- 
tions ; and a calcareous clay, locally called ** Kim- 
meridge clay." 

Coralline oolite (coral lag) ; calcareous sands and 
grits ; Oxford clay, including layers of impure 
clayey limestone. 

Oolitic and shelly strata (Combrash) ; forest 
marble ; Bath oolite ; yellow sandstones, divided 
by clays and calcareous sands ; marls and fuller^s 
earth. 
'Thick beds of dark-coloured bituminous shale ; beds 
of pyritous clay ; and indurated lias marls. 

lias Umestones and clays ; bands of ironstone ; 
layers of jet and lignite ; sandstones more or less 
ci^careous. 

220. The organic remains of the oolitic system are very 
numerous, and have long attracted the attention of geologists. 
They show a decided advance upon pre-existing races, inas- 
mucn as insects, amphibious reptiles, and mammalia, make 
their appearance in the animal kingdom ; while new tribes 
of vegetables, such as the cycadeae, lilacese, &c. are added to 
the former Flora. The organisms of the lias, the oolite, and the 
lower members of the wealden, indicate the marine origin of 
these deposits ; those of the upper weald an estuary character, 
from the comminglement of fresh water with marine species. 
With this distinction, the Fauna and Flora of this epoch 
may he thus summarily detailed : — ^P/an/^-^-seaweeds ; a few 
cquisetums ; many ferns allied to the sphenopteris, pecop- 
teris, &c. of the coal measures ; cycadesB, allied to the exist- 
ing cycas revoluta and pine-apple ; conifersB, resembling the 
yew and pine ; besides lilacese and other undescribed genera. 
Animals — ^zoophytes, more like existing species than those of 
the mountain limestone and silurian rocks ; crinoidea, chiefly 
the apiocrinite and pentacrinite ; star-fishes, resembling the 
common ophiura and asterias ; echinida (sea-urchins), of which 
the cidaris is one of the most beautiful and abundant ; shell- 
fish, both bivalves, univalves, and chamhered ; annulosa, like 
the common serpula and land-worm ; Crustacea, resembling 
the lohster-tribe ; insects like the heetle and dragon-fly ; fishes 
belonging chiefly to the garioidia ; reptiles allied to the tor- 
toise, to the crocodile, and gavial of existing rivers, but difFer- 
i»g widely in their external fonms and modes of existence ; 
mammalia, two or three specimens of small marsupial animals 
allied to the oppossums. In the upper or fresh -water 
wealden, there are no zoophytes or marine moUusca; but 
there are, according to Phillips, various land plants, fresh- 
water bivalves and univalves, some fishes, sauroid animals, 
and i*emains of turtles, both fresh- water and marine. 

I 
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221. The fossiis most characteristic of the system are the 
CYcades, of which the stems, frait^ and leaves are found in 
abundance, the sea-nrchins, the ammonites of varions eenera 
and ginmtic size, the sauroid reptiles, the ptero-dactyles or 
flying lizards, the fresh- water and marine turtles, and the 
marsupial mammalia. The cycades occur principally in the 
upper or fresh-water portion of the weald, intermmgled with 
the stumps and prostrate trunks of trees. They are found 
most plentifully in what is locally designated the " dirt-bed**^ 
of Portland — a stratum of dark argillaceous mud, which must 
at one time have be^i the soil in which they and oth^ vege- 
tables flourished, hut which, by a submergence of the land, 
was converted into the bottom of an estuary, over which 
other strata of clay, limestone, and sand were deposited. " At 
the distance of two feet," says Bakewell, " we find an entire 
change from marine strata to strata once supporting terrestrial 
plants; and should any doubt arise respecting uie original 
place and position of these plants, there is, over the lower 
dirt-bed, a stratum of fresh-water limestone, and upon this a 
thicker dirt-bed, containing not only the cycades, but stumps 
of trees from three to seven feet in height, in an erect position, 
with their roots extending beneath them. Stems of trees are 
found prostrate upon the same stratum ; some of them are 
from twenty to twenty-five feet in length, and from one to 
two feet in diameter. The following section of a cliff in 
Dorset exhibits very clearly proofs of the alternation from 




aaa, PoriUmd Stone (marine formation) ; 5, Dirt-bed, consisting of Uaok 
mould and pebbles (temporary dry land) ; c, Bumtone, and d, CaloarKmg 
Slate (both of fresh-water foixnation). 
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marine strata to dry land covered with a forest, and of a sub- 
sequMit submergence of the dry land under a river or lake 
which deposited fresh-water limestone." 

222. Of the radiatay moUusca, and Crustacea of this era, it 
may be observed, that while they diflFer essentially from those 
of the older secondary strata, they approximate in form to 
existing races. The eieantic and prolific crinoidea of the 
mount^ limestone had disappeared, and been succeeded by a 
few dwarfish specimens of apiocrinite and pentacrinite ; while 
the cidaris (see fig.), clypeus, and other ecmnida (sea-urchins), 
attest a higher degree of organisation among radiated animals. 
Among the shell-fish, the gryphceoy trigoniOy ostreOy and 
ammonite, are the most characteristic — ^hundreds of species of 




1. Cidaris intermedia ; 2. Gryphaea incurva ; 3. Trigonia costata ; 
4. Ostrea deltoidea. 

the latter having left their remains in the most perfect state of 
preservation in the shales and limestones of the lias. The 
ammonite (of which two lyecies, and a section of the interior, 
is figured below) receives its name from its resemblance to the 
curved horn on uie head of the statue of Jupiter Ammon. It 



1. Ammonitea obtiuiu ; 2. Section of Ammonites obtnsus, showing the interior 
chambers and siphmicle ; 3. Ammonites nodosiu. 

was a chambered shell belonging to the cephalapodous division 
ot mollusca— that is, havmg its organs of motion arrange* 
rouna the head ; and had many congeners in the euomphafus, 
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nautilus, orthoceratite, hamite (hook-shaped), scaphite (boal?* 
shaped), haculite (stafF-shaped), and other many-chambered 
shells. It is one of the most widely-distributed molluscs in 
the secondary strata, and is found of all sizes, from that of a 
pin's head to three or four feet in diameter. The economy of 
the ammonite destined it in general to live at the bottom of 
deep waters, but to be able to rise at pleasure to the surface. 
For this purpose the outer chamber (o o) of the wreathed shell 
was fitted for the reception of the animal, while the interior 
chambers {i i) were hollow, so as to make the whole struc- 
ture nearly of the same weight as the element in which it 
moved. Through all of these chambers an elastic tube passed 
by means of a pipe or siphuncle (« «), the tube bemg in 
connexion with the cavity of the heart, which, under ordinary- 
circumstances, was filled with a dense fluid. When alarmed, 
or wishing to descend, the animal withdrew itself within the 
outer chamber, and the pressure upon the cavity of the heart 
forced the fluid into the siphuncle, so as to increase the gravity 
of the shell, by which means it readily sunk to the bottom. On 
the other hand, when wishing to ascend, it had only to project 
its arms, and the fluid, being freed from the pressure, returned 
from the siphuncle to the cavity of the heart, thus restoring 
the whole structure to its ordinary floating gravity. As the 
pressure of water at the bottom of the sea would break the 
plates of any ordinary shell, as it does a bottle when it is 
lowered to a great depth, the shell of the ammonite has been 
strengthened by a curious kind of internal arch-work, so as 
to be able to resist the weight of the incumbent fluid. This 
avch-work so completely meets all human ideas of ingenious 
contrivance for the purpose which it was destined to serve, as 
to form one of the most striking examples of that adaptation 
of meaus to ends which previSls throughout the works of 
nature, and which is so well fitted to impress the conviction of 
a great designing First Cause. 

223. The insects^ fishes, and reptiles of the oolitic system hokV^ 
greatly attra<sted the attention of naturalists and geologists ; 
and, as might be expected from remains so obscure, have given 
rise to much diversity of opinion. The insects discovered in 
the sjaty limestones of the true oolite at Solenhafen in Grer- 
nju^ny, and Stonesfield in England, somewhat resemble the 
dragon-fly and serricorn beetles of the present day. The 
fishes present the enameled scale and unequally-lobed tail of 
the cartilaginous order, and find a distant analogue in the 
existing cestracion of the Australasian seas. It was stated, 
that the bones and teeth of reptiles had been found in the 
marls of the new red sandstone ] but in the lias and the strata 
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i^ve it, the exuviae of these animals are so ahnndant, and 
of such vast size, that the epoch in which these strata were 
deposited has not unaptly heen termed " the age of reptiles " 
Of these there are terrestrial and marine chelonida (tortoises 
and turtles) ; lizards, whose ai*ms and legs were fitted with a 
filmy membrane, like bats, to enable them to fly (ptero- 
dactyles) ; amphibioufif saurians, like the gavial and croco- 
dile ; and water saurians, to which there is now no existing 
analogy. Of these sauroid or lizard-shaped reptiles, the 
ichthyosaurus and plesiosaurus are most abundantly dissemi- 
nated through the upper secondary formations. The general 
form of the ichthyosaurus (Gr., ichthysy a fish, and saurus, a 
lizard) appears from its skeleton (see fi^,) to have been not 
unlike that of a crocodile, with the substitution of paddles for 
feet. The head is lengthened into a nan*ow pointed muzzle. 




Skeleton of IchthyosaimiB communis. 

and the jaws armed with sharp and formidable teeth. The 
skeleton of the /. tenuirostris (slender-muzzle) usually mea- 
sures about four feet in length ; but detached remains of other 
species have been found, indicating a length of twenty or even 
thirty feet. The plesiosaurus (so called from its greater 
affinity to the lizard tribe than to fishes) was distinguished by 
the extraordinary length of its neck, which, in the commonest 
species (P. dolickodeirus, or long-necked), occupies nearly 
hidf the entire length of the animal. The head is yery 
small in proportion, and the tail is short, stout, and pointed. 
The vertebrce of the neck exceed in number those of any 
other animal known. It is conjectured by Mr Conybeare, by 
whom the first scientific investigation of this saurian was 
made, that, as it breathed air, and nad frequent need of respi- 
ration, it generally swam upon or near the surface of the 
water, arching back its long neck like the swan, and plunging 
it downwards at the fishes that passed within its reach. Its 
length seems to have been from ten to fifteen feet. From the 
nature of their extremities, both the ichthyosaurus and plesio- 



y Google 



134 OSOLOQT. 

saunis must have moved with great difficnity upon land, and 
seem principally to have inhabited the waters. Besides these, 
geolo^sts enumerate many other species of saurians — aquatic, 
amphibious, and terrestrial ; such as the megalosaurus (great 
saurian), geasaurus (land saurian), hylaeosaurus (forest 
saurian), tdeosaurus (perfect saurian), &c. 

224. Respecting the mammalia of this era, no very satis- 
factory data have yet been procured, the only evidence being 
two or three lower jaw-bones &om the slaty limestone of 
Stonesfield. Though some French geologists have attempted 
to ascribe a sauroid character to these remains, it is the opinion 
of Cuvier, Dr Buckland, and Professor Owen, that they belong 
to true didelphys {dis, two, delphys^ wombs) animals ; that is, 
double-wombed, or marsupial creatures, like the opossum and 
kangaroo. Should this be the case — and comparative anatomy 
is too unerring in its deductions to admit of any doubt — then 
in the upper oolite are we for the first time made acquainted 
with mammalia in the history of creation. '' The close ap- 
proximation of these fossil animals," says Professor Owen, 
" to marsupial ^nera^ now confined to New South Wales and 
Van Diemen's Land, leads us to reflect upon the interesting 
correspondence between other organic remains of the British 
oolite, and other existing forms now confined to the Australian 
continent and adjoining seas. Here, for example, swims the 
cestraciouy which has given the key to the nature of the 
palates from our oolite, now recognised as the teeth of con- 
generic gigantic forms of cartilaginous fishes. Not only 
trigoni(By but living terdfratuke exist, and the latter abun- 
dantly in the Australian seas, yieldins; food to the cestracion, 
as their extinct analogues doubtless did to the allied cartih^i- 
nous fi^es called acrodi and psammodi, &c. Auracans 
and cycadeous plants likewise flourish on the Australian con- 
tinent, where marsupial quadrupeds abound, and thus appear 
to complete a picture of an ancient condition of the earth's 
surfitce, which has been superseded in our hemisphere by 
other strata, and a higher type of mammalian oiganisation." 
I^fessor Phillips remarks to the same efiect — ^^ It is interest- 
ing to know that the earliest mammalia of which we have 
yet any trace were of the marsupial division, now almost 
characteristic of Australia, the country where yet remain the 
trigonia, ceritbium, isocardia, zamia, tree-fern, and other 
forms of life so analogous to those of the oolitic periods." 

225. *' During the oolitic period^* continues the latter autho- 
ritjr, " the arctic land was covered by plants like those of hot 
regions, whose vegetable remains have locally generated coal- 
beds, adorned by coleopterus, neuropterus, and other insects, 
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among which the flying lizard (pterodactylns) spread his 
fihny wings. The rivers and shores were watched by saurians 
more or less amphibious (megalosaurus, iguanodon), or 
tenanted by reptiles which oy ima^ative men have been 
thought to be the orinnals of our gavials and crocodiles, while 
the sea was full of lorms of zoophyta, moUusca, articulosa^ 
and fishes. Undoubtedly the general impression, gathered 
from a surrey of all those m<»iuments of earlier creations, is^ 
that they lived in a warm climate ; and we might wonder that 
the result of all inquiry has shown no trace of man or his 
works, did we not clearly perceive the oolitic fossils to be all 
very distinct from existing types, and combined in such diffe- 
rent proportions, as to prove that circumstances then prevailed 
on the globe materially different from what we now see, and 
probably incompatible with the existence of those planto and 
animals which belong to the creation whereof man is the ap- 
pointed head.'' 

226. The igneous rocks associated wi^ the system in England 
belone chiefly to the trappean order. In no case have they 
caosed much displacement or great disturbance among the 
stri^ being gentle outbursts of trap-tuff, or intersecting 
d^kes of greenstone. These dykes are always connected 
with some volcanic axis of the carboniferous period, and seem 
to have been among the last upheaving efforts of the trappean 
era. In Caithness, granitic rocks pass through the oolitic 
strata, but with this exception — ^the igneous rocks, which have 
upheaved or altered the system, belong either to the latest 
tn^, or the earliest volcanic epochs. 

227. The extent of country occupied by the oolite is by no 
means extensive, though partial deposits are very fi;enerally 
dnseminated over the elobe. It is most fully developed 
in England, occupying the eastern sea-board from Yorkshire 
to Dorset ; it occurs in a small patch at Brora in Sutherland, 
in Skve, and other of the Hebrides, and partially in Ireland 
and Wales, Portions of the system are also found in France 
and Germany ; skirting the Alps ; in Spain and the Balearic 
islands; flanlung the Apennines and Atlas range; on the 
southern dope of the Himmalehs ; but no true equivalents to 
the European oolite have hitherto been detected in America. 

228. Unless in England^ the ooHtic system is not so ejstensivdy 
developed as to impart any distinctive geographical feature; 
and there, though pleanng, the aspect is tame compared with 
that imparted by the older strata. The limestones in general 
form rounded escarpments over the subjacent clays, "so that 
several longitudinal hollows and ridges undulate, the area 
occupied by the system.'* None of these ridges are of great 
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height (400 ta 600 feet), but they are dry and fertile ; and 
thus present an agreeable contrast with the level river valleys 
occupied by the lias and wealden clays. 

229. In an economical point of view, the rocks of this system 
are by no means unimportant. The lias limestones generally 
consist of from 80 to 90 per cent, of carbonate of lime, com- 
bined with bitumen, alumine, and iron ; and when the latter 
mineral enters largely into their composition, they form, 
when burned, a lime which has the property of setting under 
water. The finer kinds of lias receive a polish, and are used 
for lithographic purposes. The lias clays are often much im- 
pregnated with bitumen and iron pyrites, and will bum slowly 
when laid in heaps with fagots and kindled. By this pro- 
cess the sulphur of the pyrites is decomposed, and combin- 
ing with the oxygen of the atmosphere, and with a portion of 
the alumina in the shale, forms sulphate of alumina, or the 
alum of commerce. During the sulphur monopoly, several 
patents were obtained for the extraction of sulphur from iron 
pyrites (sulnhuret of iron), most of which would have been 
profitably adopted, had the native produce of Sicily continued 
at the then exorbitant rate. Iron has also been extracted 
from the ironstone and pisiform iron-sands of the wealdeti 
group ; and jet (which is simply altered coniferous wood) 
occurs in the same measures. Fuller's earth, at one time so 
valuable in the useful arts, is found in the upper oolite in beds 
of great thickness. It is essentially composed of silica, alumina, 
and 24 per cent, of water, and, like other soft aluminous marls^ 
possesses in a high de^ee the power of absorbing grease ; 
nence its value in cleansing and scouring woollen stulfe. Some 
of the oolite sandstones form excellent building material, such 
as those of Bath and Portland ; several ornamental marbles are 
obtained from the same group ; while the Purbeck beds of the 
wealden furnish the most prevalent paving-stones in London. 

EXPLINATORY NOTE. 

Lias.— The term Liassic is commonly applied to this group by recenft 
authors. 

CtoRNBRASH is Said to derive its name from the facility with which it 
disintegrates and yields to the plough, beine, according to the pro- 
vincial term, hrashy or breaky enough to enable the plough to prepare 
the sur£a,ce, where it prevails, for the growth of ffrain or com. 

Sauroid animals are generally classed aocordin^j to their organs of 
locomotion ; namely, swimmers, or those fitted with paddles, as the 
ichthyosaurus, plesiosaurus, mososaurus, phytosaurus, steneosaums, 
teleosaurus, eaurodon, &c. ; with limbs Wee mammalia, and fitted for a 
terrestrial tife, the megalosaurus and iguanodon ; analogous to living 
amphibia, the protosaurus, geosaurus, pleurosaums, hylseosanros, &c. 
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f The chambered shells of this system include many genera, all of 
which are fitted with interior hollow chambers and siphuncles. The 
most common are the ammonite, nautilus, euomphalus, bellerophon, 
goniatitc, hamite QiamuSy a hook), scaphite (scaphfi, a boat), orthooera- 
tite {orihos, straight, heras, a horn), baculite (baculum, a staff), lituite 
(Utmu, an augur's rod or crosier), &c. &c. Sometimes the shelly matter 
of the ammonite has been entirely destroyed, leaving only a cast of the 
interior, each chamber in this case playing upon another by the intri- 
cate jointinp of the sepia, or divisional lines ; such casts are known by 
the name of ammoniies catena, or ammonite chains. 

CRETACEOUS, OR CHALK SYSTEM. 

230. Immediately overlying the wealden, and forming the 
upper portion of the secondary formation, occurs a set of cal- 
careous, argillaceous, and arenaceous strata, distinguished in 
Europe as the Cretaceous ^stem, from its containing the 
well-Known mineral, chalk (Lat., creta). In this system, as 
stated in par, 140, the arenaceous members are no longer sand- 
stones, but loose unsolidified sands ; the argillaceous beds are 
generally soft and maiiy clays ; and the calcareous, instead of 
compact or crystalline limestones, present that soft earthy- 
texture which prevails in chalk. All this attests a compara- 
tive recentness of formation, apart from great pressure, long- 
continued chemical action, or the indurating effects of heat. 
The strata occupy very limited spaces, and being decidedly of 
marine origin, point more to detached and inland seas as the 
areas of their deposit, than to the shores or bays of the ocean. 
Being thus, as it wei'e, a local deposit, and of a thickness not 
exceeding 800 or 900 feet, the chalk has been more thoroughly 
explored than any of the older systems, and its fossils more 
rigidly compared with existing species. Upon investigation, it 
has been foimd that it embraces three well-marked groups ; 
namely, the Green-sand, the Gault, and Chalk, 

231. Tlie composition of these groups is almost sufficiently 
indicated by their respective terms. The Green-sand, which 
forms the lower division, is so named from its green colour^ 
which it owes to a chloritous silicate of iron. These sands^ 
however, are not uniformly green, but partake of ochraceou» 
and yellow tints ; they present various degrees of fineness ; 
and not unfrequently contain cherty bands, irregular deposits 
of fuller's clay, and ochre. In Ehigland, they are usually 
divided into the Lower and Upper green-sands, because of a bed 
of soft bluish marly clav which occurs about the middle of 
the group. Regarding this bed as subordinate, the green-sand 
is easily distinguished from the rest of the system by its 
arenaceous composition and greenish hues. The Gault, or 
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^olt (a local term), overlies the green-sand, and is not of mat 
thickness, nor very regular in its occurrence. It is a bluii^ 
chalky clay, which effervesces strongly on the application of 
acids ; it is interstratified with layers of green^sand, and holds 
irregular balls of argillaceous ironstone and iron pyrites. In 
fiome districts the gault assumes a reddish tint, from the iron 
it contains ; but in other respects its composition is very per- 
sistent. The Chalky which forms the upper group of this 
system, is too well known to require description. It consists 
chiefly of carbonate of lime, has an earthy texture, and is so 
soft as to yield to the nail. Though generally white, it some- 
times passes into a dusky gray, or even red colour, as in the 
north of England ; and where it has come in contact with 
inieous rocks, it is indurated, and of a crystalline texture, like 
tnat of statuary marble. In England, the chalk strata ave- 
rage from 600 to 800 feet in thickness, and are usually divided 
into the lower and upper beds ; the former being more com- 
pact, of a dusky white varied with green grains, and Contain- 
ing few flints — ^the latter being a soft white calcareous mass, 
with chert nodules and re^ar layers of flints. Traces of 
stratification are scarcely distinguishable in the mass of the 
chalk, but are clearly evinced by the lines of flints and other 
nodular concretions. In some of the continental chalks, car- 
bonate of magnesia prevails to the extent of 8 or 10 per cent, 
giving to such beds a still more earthy texture. 

232. The order of succession among the strata is such as has 
been shown above ; but, to render it more distinct, we majr 
transcribe the following sectional detail of the system as it 
occurs in the south of England : — 

Upper chalk — ^osaaUy a white sofl; calcareous 
mass, with chert nodules at regular internals, 
and layers of flints. 

Lower chalk— harder and less white than the 
upper ; sometimes varied by green grains ; gene- 
rally with fewer flints. (Red in the nortk of 

^ Inland.) 

'Gault, or chalk marl— beds of bluish laminated 
clays, highly calcareous, with layers of greeur 
^ sand, and ferruginous nodules. 

'Upper oreen-sand — a mass of sands, occasionally 
indurated to chalky or cherty sandstone, of 
green or grayish-white colour, with nodules of 
chert 

Soft bluish clay, with green grains. 

Lower green-sand — ^a considerable mass of green, 
or ferruginous sands, with layers of chert ; local 
beds of Uue clay; rocks of chalky. or dieriy 
limestone ; and deposits of ochre and fuUer's 
earth. 



CHALK. 



OATJLT. 



OBEBN-SAND. - 



y Google 



CRETACEOUS, OB CSA.LK SYSTEM. Id9 

All the members detailed above do not occur in other 
cretaceons districts ; for example, there is no green -sand 
in the north of England ; no chalk along the Carpathians ; 
no gault in America ; while in South America the system 
is represented by impure chalky beds of no great thickness. 

233. The organic remains found in the system are eminently 
marine. There are very few plants^ and these chiefly of 
marine types, such as algs, confervs, and other sea- weeds. 
Bare fragments of ferns, cones of coniferous trees, cycadites, 
and dicotyledonous wood, have been detected in the green- 
fiand ; and a patch of lignite is said to occur in the lower 
chalk, near Rochelle in France. Respecting this deposit, M, 
j^rogniart thinls it may have been formed by the local sub- 
mergence of a ^at moss ; but generally spealung, there is no 
formation so destitute of terrestrial organisms as the chalk. 
Among the animal remains, sponges, corals, star-fishes, annu- 
losa, univalve, bivalve, and chambered moUusca^ Crustacea, 
fishes, and reptiles, are found in abundance ; but, with one 
exception, mammalia are not known in the cretaceous rocks. 
The same races which appeared in the oolite appear also in 
the chalk, but of very different genera ; so much so, that it has 
been observed that the cretaceous system contains genera never 
found in any rocks more ancient or more modem. ^' There 



1. Peoten qninqae-oostatus ; 2. Flagioetoma ffpinosum ; 3. Hamites interme- 
dins; 4. Spatangus oor-anguinmn ; fi. Galerites albogalenis ; 6. Scaphites Btria- 
tus; 7* Belenmites mucronatua, 

appears no sufficient evidence," savs Professor Phillips, ** in 
the fossils of this system to justify any positive inference as 
to the character of the climate then prevailing in the northern 
zones ; but we may be sure that the sea was very little dis- 
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turbed by inuudations from the land, otherwise ferns and otheV^ 
plants, and not fuci, would have been found in the sandy 
strata." It is true that the evidence respecting the climate, 
and other conditions of the cretaceous era, is still im- 
perfect; but the recently-discovered remains of the highest 
order of mammalia (quadrumana, or monkey tribe) point 
to^ a tropical climate ; and this fact, taken in conjunction 
with the occurrence of cycadites, seems to establish a tem-, 
perature little diflFerent from that which prevailed during^^ 
the wealden epoch. The foregoihg engravmg represents a 
few of the more characteristic fossils belonging to the sys-' 
tem. 

234, Igneous rocks are nowhere associated with the chalk 
in England ; but basalt and other traps brelik through and 
overlie the strata in the north of Ireland — tKe Giant's Cause- 
way presenting one of the finest examples of this connexion. 
In the Pyrenees, cretaceous strata are said to be in contact 
with granitic rocks ; but, generally speaking, the system has 
escaped with fewer displacements by igneous agency than any 
of the earlier formations. As has been stated, where chalk 
comes in contact with igneous dischai-ges, the heat has ren- 
dered it hard and crystalline like primary marble. The same 
effects have been produced by enclosing pounded chalk in an 
iron tube, and subjecting it to the heat oi a furnace. 

235. The geographical eattent of the system is limited, when 
compared with earlier formations. It is pretty extensively 
developed in the south and south-east of England, filling up 
the hollows and basins left by the oolite and lias. It appears 
in the north of Ireland overlaid by basalt and other trap i*ocks ; 
but is unknown in Wales or in Scotland. It is spread over 
wide areas in France and Germany; and is found about 
Dresden, in the .Alps, Carpathians, and Pyrenees. According 
to Professor Rogers, it occupies a vast area 'in the North 
American states ; and, by recent accounts, has been detected 
in the western river-plains of South America. 

286. The physical aspect of chalk districts is easily distin- 
guished by the smooth flowing outline of the hills and valleys. 
Here there are no rugged and lofty peaks, as in the earlier 
fonnations ; no tabular-looking escarpments, as in the lias and 
oolite ; but easy undulations, forming in their extent the well- 
known "wolds" or "downs" of southern England. These 
downs are chai'acterised ** as covered with a sweet short herb- 
age^ forminff excellent sheep pasture, generally bare of trees, 
and singulany dry even in the valleys, which for miles wind 
and receive complicated branches, all descending in a regular 
slope, yet are frequently left entirely dry ; and, what is more 
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afngular, contain no channel, and but little other circumstan- 
tial proof of the action of water, by which they were certainly 
excavated." Chalk districts thus possess great amenity and 
rural beauty, and are as yet but little broken up by the 
enterprise ot modem agriculture. 

237. The minerals of commerce derived from the system are 
by no means numerous. Chalk is used for many purposes in 
the arts and in agriculture ; it furnishes polishing paste, and 
the well-known whitening of the painter. Beds of fuller's 
earth occur in the lower green-sand, and in some districts the 
more indurated strata of the group produce a rough building- 
stone. Flint is one of the most valuable products of the 
system ; furnishing material for the manufacture of china and 
porcelain, flint-glass, and gun-flints — ^the latter haying been in 
univei-sal use before the invention of the percussion cap. 

233. The formation of flint, within a mass so difterent in 
composition as chalk, is still in some respects an unsolved pro- 
blem in geology. It occurs in nodular masses of very irre- 
gular forms and variable magnitude ; some of these not ex- 
ceeding an inch, others more than a yard in circumference. 
Although thickly distributed in horizontal layers, they are 
never in contact with each other, each nodule being com- 
pletely enveloped by the chalk. Externally, they are com- 
posed of a white cherty crust ; interaally, they are of gray or 
black silex, and often contain cavities lined with calcedony 
and crystallised quartz. When taken from the quarry they 
are brittle and full of moisture, but soon dry, and assume their 
well-known hard and refractory qualities. Flints, almost 
without exception, enclose remains of sponges, alcyonia, echi- 
nida, and other marine organisms, the structures of which are 
.often preserved in the most delicate and beautiful manner. 
In some specimens the organism has undergone decomposition, 
and the space it occupied either left hollow, or partially filled 
with some sparry incrustation. From these facts, it would 
seem that flints are as much an aggregation of silex around some 
organised nucleus, as septaria (par. 192) are aggregations of 
clay and carbonate of iron. This is now the generally received 
opinion ; and when it is remembered that the organisms must 
have been deposited when the chalk was in a pulpy state, 
there can be little difficulty in conceiving how tlie silex 
dissolved through the mass would, by chemical affinity, attach 
itself to the decapring organism. Chalk is composed of carbo- 
nate of lime, with traces of clay, silex, and oxide of iron ; 
flint, on the other hand, consists of 98 per cent, of pure silex, 
with a trace of alumine, oxide of iron, and lime. Silex is 
quite capable of solution : it occurs in the hot-springs of Ice- 
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land and most thermal waters ; has been fomid in a pnh>y 
state witliin basalt ; forms the tabasheer fonnd in the cayities 
of the bamboo^ and the thin pellicle or outer covering of canes, 
reeds, grasses, &c. ; and siliceons concretions are common in 
the fruits and trees of the tropics. All these facts point to a 
very general diffusion of silex in a state of solution ; and 
whatever may have caused its abundance in the waters dur- 
ing the deposition of the u^per chalk, there can be little doubt 
respecting the mode in which it has been collected around the 
cNTganic remains of these early seas. 



EXPLANATORY NOIE. 

The obioin of chalk, so diflferent in its texture and appearanee 
from all other limestones, has given rise to many hypotheses. *^ There 
appears no evidence," says Mr Brande, **of its having been deposited 
from chemical solution ; but, on the other hand, it bears marks of a 
mechanical deposit, as if from water loaded with it in fine division. 
And upon this principle, some gleam of li^ht may perhaps be thrown 
upon the enigmatical appearance of the flmts ; for it is found, that if 
finely-powdered silica be mixed with other earthy bodies, and the 
whole diffused through water, the grains of silica have, under certain 
circumstances, a tendency to aggregate into small nodules ; and in 
chalk, some ^ins of quartz are discoverable." There can be little 
doubt that such has been the ori^al state of chalk, from whatever 
source derived ; for, without the sui^K>sition that the calcareous 
particles were diffused through the waters in which it was deposited, 
it were impossible to account for almost any of the phenomena con- 
nected with it as a formation. But while such has evidently been the 
origin of the great mass of the chalk rocks, it does not preclude the 
chemical agency of springs, or the organic efforts of secreting ani- 
malcules. All other Umestones in the crust of the earth point to 
a complex formation, in which mechanical, chemical, and organic 
a^ncies have been concerned ; and it is but reasonable to suppose 
that chalk is the result of similar forces. 

Belemnites (Gr., betemnon, a dart) — a genus of fossil -chambered 
shells, perforated by a siphimcle, and so called from their straight 
dart-like form. Unlike other chambered shells, they were internal; that 
is, enclosed within the animal like the pen of the squid and cuttle-fish. 
Many of these belemnites are of great size, showing the gigantic nature 
of the oephalapods to which they belonged. Being long, straight, and 
conical, they are commonly blown by the vernacular names of 
"• thunder stones" and ^ thunder bolts." 
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TERTIARY STRATA. 

239. The tertiary system comprises all the regular strata 
of limestone, marl, clay, sand, and gravel which occur above 
the chalk. Before the labours of the celebrated Cuvier and 
M» Brogniart, these beds were regarded as mere superficial 
accumulations, not referrible to any definite period. Now, 
however, they are recognised as constituting a distinct former- 
tion— differinff from the cretaceous not only in its mineral 
composition, but in the higher order of organisms which it 
contains, and from the superficial sands and clays, in being 
regularly stratified, and in imbedding the remains of animab 
distinct from existing races. In general the strata are loosely 
aggregated, are of no great thickness, and present appearances 
which indicate frequent alternations of marine and fresh- water 
agencies. Thus, marine remains are found in some beds, while 
others contain exclusively land animals and plants, and fresh- 
water shells. The whole suit being less consolidated than any 
of the secondary systems, and containing plants and animals 
approaching to existing forms, it presents a freshness of aspect 
which serves to distinguish it from older deposits ; at the same 
time the regularity of its deposition prevents it from being 
mistaken for any mere alluvial accumulation. In general it 
occupies very limited and detached areas, as if it had be«[i 
formed in shallow inland seas and estuaries, to which the 
waters of the ocean at times had access, and where at other 
periods fresh- water inundations prevailed. Another essential 
difference between the tertiary and the more ancient forma- 
tums consists in the fiict, that the latter maintain a wonderful 
uniformity in their composition and character all over the 
j^lobe ; whereas the former present almost as many distinctions 
m composition as there are areas of deposit. For this reason 
it is impossible to give a description applicable to all tertiary 
strata ; those of England and France, nowever, may be taken 
as types sufficiently characteristic. 

240. Respecting the composition of the system, arenaceous and 
argillaceous beds may be said to prevail, with interstratified 
limestones, calcareous grits, and marls. The arenaceous mem- 
bers are either pebbly conglomerates of a rusty yellow, or 
sands little indurated and variously tinted by the oxide and 
silicate of iron. The sands are seldom sufficiently consolidated 
to form sandstones ; and the conglomerates are often mere 
layers of rolled pebbles, without any cementing matrix. The 
argillaceous beds also present many varieties ; some being 
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almost pure laminated clay of a dull blue colour, others of « 
brownish tint, with a slight admixture of sand, whUe manj 
pass into marls more or less calcareous. None of these clays 
are so compact as to form shales ; indeed lamination is more 
fre(juently absent than otherwise, there beinff nothing except 
their fossils and associated beds to distinguish them from the 
clays of subsequent alluvial valleys. The calcareous layers 
are still more varied in their composition and aspect, and bear 
no resemblance to the indurated half-crystalline limestones of 
older formations. The marine limestone of the Paris basin is 
of a coarse sandy texture ; that of Austria a rough coralline 
rock : the fresh-water beds near Weimar are hard and com- 
pact ; those of other districts are soft, marly, and full of 
shells. In some localities marls are so calcareous as to be used 
as limestones, while in others they pass into soft friable claj'^s. 
From this extreme diversity of composition, it is evident that 
many agencies have been concerned in the deposition of the 
tertiary system, and that most of them have been of a local 
character, producing results not differing widely from those of 
the present d&y, 

241. The succession of strata is no less varied than their 
mineral composition. As at the present day distant rivers are 
depositing different sorts of material at one and the same time; 
80 in distant tertiary basins different strata variously succeed 
each other. Luckily, none of the deposits are of great thick- 
ness, and as they have been closely examined for the sake of 
their fossils, the alternations of the beds have been pretty 
accurately ascertained. The following is a descending section 
of the Paris basin, according to Cuvier and Brogniart : — 

5. Upper fresh- water group — ^marls, marly sands, shelly limestone, 

and siliceous or burr limestone. 
4. Upper marine group — ^marls, sands and sandstones of a white or 

ochraceous coloor, and loosely aggregated ; thin layers of lime- 
stone. 
3. Lower fresh-water — ^marls, gypsum (sulphate of lime), with 

bones of animals, and siliceous limestones. 
2. Lower MARiNE^consisting principally of a coarse sandy limestone 

(calcaire grossier), with calcareous marls and layers of greenish 

sand. 
I. Plastic clay group— consisting of bluish plastic clays, with layers 

of sand, beds of lignite, and rolled pebbles. Supposed to be o£ 

estuary origin. 

Althoxigh a very different succession takes place among the 
tertiaries of the south of England, yet there is suffieloit 
resemblance in the position and aggregation of their strata, as 
well as in their organic remains, to establish the fact, that they 
belong to the same epoch as the rocks of the Paris basin. Tki 
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annexed section shows the order of their occurrence to the 
south of London : — 

4. Bagshot sands. 

9. London clay— of a dull gray, or blue, or ochraceous colour ; often 

full of green grains. Septaria and other ferruginous nodules occur 

in some parts. Numerous fossils. 
2. Plastic clay and sands— sands of yarious colours, with occasional 

beds of lignite ; also layers of sandy cla^, with or without sliells. 
1* Sands — ^green and ferruginous, accompanied by flint pebbles, oyster 

. shells, &c. 

In other parts of England the order of occurrence is somewhat 
different. It may be stated, however, in general terms, that 
the sands are most extensively developed ; the clays chiefly in 
the southern basins ; while at Oxford, Ramsholt, &c. the upper 
beds consist of a coarse conglomerate of corals, sand, pebbles, 
fiftiells, &c. locally known as the " Crag," and so calcareous in 
some places as to be used as a limestone. As with the Paris 
and English deposits, so with other tertiary basins in Europe ; 
those of southern France, Spain, Italy, Austria, Hungary, &c. 
— all showing an irregular succession of clays, sands, marls, 
fignites, and gypsum, which, when examined in relation to 
their positions, modes of aggregation, and fossils, are clearly 
referrible to the same period of formation. The following 
engraving illustrates the tertiary deposits of the Thames basin, 
with the subjacent chalk and green-sand : — 



1. River Thames ; 2. Marine sands ; 3. London clay ; 4. Plastic clay and sands ; 
5. Chalk with flints ; 6. Green-sand and Gault-clay. 

242. A8 to the extent of country occupied by tertiary deposits^ 
there is yet no very accurate knowledge, inasmuch as many 
sands and clays, now regarded as the alluvium of existing 
valleys, may hereafter be referred to this system ; and several 
areas of gravel, now looked upon as tertiary, be classed with 
more recent accumulations. As developed in Europe, the 
system spreads over wide areas, all remarkable for their con- 
formation and connexion with the outline of existing seas* 

K 

Digitized by VjOOQIC 



146 oBoi^oeT. 

Indeed, were the iskiids and cMmtment of Eun^ to be fob- 
merged to the depth of 600 or 800 feet, the waters of the Ger-^ 
man, Baltic, English Channel, and Mediterranean seas, would 
coyer most of the tertiary strata, showing that^ with the 
exception of the general elevation which raised them into dry 
land, there has been comparatively little subterranean disturb- 
ance since the time th^ were depoated. In Britain the for* 
mation is exhibited in Hampdiire, Isle of Wight, in the basin 
of London, and from the Tnames northwards along the coast 
to the mouth of the Yare ; but has not been detected either in 
Ireland or Scotland, though several gravel and clay d^Kwits 
in the latter eountry may yet be discovered to belong to ike 
same en. It occurs interestingly developed , near Paris ; 
trends along the north coast of France, Belgium, Westphalia^ 
Holstein, and Jutland, in apparent connexion with the Grer* 
man Ocean; spreads over the level tract lying between tiie 
Baltic and Northern Ocean in Russia; and occupies the 
n*eater portion of the central flats which lie betwe^i the 
Baltic and Black seas. Besides these expanses, there are 
many secluded patches aloi^ the valleys of the Rhone and 
Danube, the Swiss lakes, and the Italian shores of the Medi« 
terranean. The syst^n has also been detected along the 
southern basis of the Himmalehs, and in several of the North 
American valleys; and when geological research has been 
farther extendea, there is little doubt dP its beins; discovered 
in other quarters of the world. In speaking of the extent 
of country occupied by deposits <^ incoherent sands, marls, 
and clays, like tnose of the tertiary epoch, it must be borne 
in mind how much more waste they would suffer by denuda* 
tion than the older and more consolidated strata. No doubi 
every rock ^jrstem, on its being elevated into dry land, must 
have suffered diminution by denuding causes ; but most of all 
those whose materials are loosely ag^pregated like the strata 
now under review. 

243. Igneous rocks are not £[>und in connexion with the 
tertiaries of England, thoug^h subterranean movements have 
thrown them into anticlinal ridg^ and basin-shaped hollows. 
In the south of Europe the case is otherwise, and the geolo- 
gist finds in the igneous dischaiges of Auvernie, Switzer- 
hmd, the Rhine, Hungary, and Italy, a link -whidi connects 
the traps of the sec(mdary period wuh the products of recent 
and active volcanoes. According to M. de Beaumont iim 
western Alps (from the Meditaranean to Mont Blanc) worn 
upheaved during this era ; and the eastern range is supposed 
to be of still more recent origin, or at all events not to have 
been upraised till after the deposition ef all the tertiaiy 
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strata. Along the Rhine, in Hungary, and in central France, 
the igneons elerations assume a more diminutive aspect-*- 
those of Auvergne never arranging themselves in a contmuous 
axis, hut presenting a congeries of conical crateriform hills of 
no great altitude. In their composition, these igneous rock» 
are chiefly trachytic — ^passing from a pretty compact grayish 
felspathic mass to scoriaceous tufa ; hut in no case presenting^ 
the dark hituminous aspect of the coal-measure traps, nor the 
amygdaloidal and porphyritic texture of those associated wi^ 
the old red sandstone. 

244. Respecting the geographical aspect of tertiary districts,, 
the general ahsence of %neous rocks would indicate a level 
and somewhat unvaried scenery ; and this is the fei^urs whicli 
prevails in the wide tertiary plains of northern and middle 
Europe. In England the strata partake of the imdulationa 
of the suhjacent chalk, principallv developed, however, in the 
flatish hasins of London and Hampshire. From the open 
and porous character of the sands and gravels, tertiary soils 
are in general light and dry, capahle of profitahle cultivation, 
hut hy no means naturally fertile. The hills and vine-grow- 
ing [dopes of Auvergne can scarcely he considered as reposing 
on a tertiary hasis any more than the snow-clad crags and 
peaks of the Alpine range, hoth of which form decided excep- 
tions to the general rule. 

245. The organic remains of the system constitute its most 
imjjortant and interesting feature. The fossils of earlier 
periods presented little analogy, often no resemhlance, to. 
existing plants and animals ; here, however, the similitude is 
frequently so complete, that the naturalist can scarcely point 
out a distinction hetween them and living races. Geology 
thus unfolds a heautifiil gradation of heing from the corius^ 
molluscs, and simple Crustacea of the grauwacke — the em^ 
melled fishes, crinoidea, and cryptogamic plants of the lower 
secondary — ^the chamhered shells, sauroid reptiles, and mar- 
supial mammalia of the upper secondary — ^up to the true 
dicotyledonous trees, hirds, and gigantic quadrupeds of ihe 
tertiuy epoch. The student must not, howev^, suppose that 
the fossils of this era hrine him up to the present point of 
oiganic nature, for thousands of species which then lived and 
fburished hecame in their turn extinct, and were succeeded hy 
others long hefore man was placed on the earth as the head of 
animated existence. Of Plants, few marine species have heen 
detected; hut the &edi- water heds have yielded cycadesy 
oonifer», palms, willows, elms, aad other species, esdiihiting 
the true dicotyledonous structure. Nuts allied to those of the 
Qocoa and owja palms have heen discovered in the London 
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clay; and seeds of the fresh- water characecp, or stoneworts. 
known by the name of gyrgonites (Gr., gyros, curved, and 
gonosy seed), are common in the same deposit. Of the Radiata, 
Articulata, and Molluscay so many belong to existing genera, 
that the circumstance has suggested a classification of ter- 
tiary rocks according to the number of recent species which 
they contain. Thus, if out of 100 fossil shells 80 should 
belong to recent species, the deposit in which they are im- 
bedded is presumed to be of later origin than one from 
which only 10 per cent, of recent shells cian be obtained. 
Proceeding upon this plan, M. Deshayes and Mr Lyell arrange 
the entire system into the following groups, as further ex- 
plained in note, page 72 : — 

Pleistocene— iSicilian deposits, with 95 per cent, of recent species. 
Pleiocene — Italian and Crag deposits, with 41 per cent, of recent 

species. 
Meiocene — ^Vienna, Bordeaux, Turin, &c. 18 percent, of recent spedies. 
Eocene — Paris, London, Belgium, 3^ per cent, of recent species. 

From the above per centage the student will perceive, with 
respect to the marine mollusca of the tertiary era, that they 
approach existing forms too nearly to require any particular 
description. 

246. The vertebrate animals make a similar approach to, or 
recession from, existing races as we ascend or descend among the 
tertiaiy strata. " The Fishes" sa,ya M. Agassiz, " are so nearly 
relatea to existing forms, that it is often difficult, considering 
the enormous number (above 8000) of living species, and the 
imperfect state of preservation oi the fossils, to determine 
exactly their specific relations. In general, I may say that I 
have not yet found a single species which was perfectly iden- 
tical with any marine existing; fish, except the little species 
which is found in nodules of clay, of unknown geologic^ age, 
in Greenland. The species of the Norfolk crag, of the upper 
subapennine formation, and of the molasse, are mostly refer- 
rible to genera common in tropical regions. In the lower 
tertiaries of London, the basin oi Paris, and Monte Bolca, at 
least a third of the species belong to genera which are now 
extinct." As with the fishes, so with the Reptiliay among 
which we find, for the first time in the history of the globe, 
the remains of genuine crocodiles, snakes, and representotives 
of the frog tribe ; besides several existing genera of fresh- water 
and marine turtles. The saurians of the saliferous and oolitic 
eras had by this time passed away, to be succeeded by the 
above-named reptiles, whose forms and habits seem to have 
been more in accordance with the altered conditions of external 
nature. Of Birds^ eight or ten species have been discovered 
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in the Paris basin, refemble to the genera — ^buzzard, owl, 
c[uail, woodcock, sea-lark, curlew, and pelican. 

247. The mammalia of the tertiary strata are those fossils 
which have most attracted the attention of palaeontologists ; 
and this deservedly so, from their being the prototypes of 
many existing species, and as marking the dawn of conditions 
suited to the Fauna of the present day. Of these ancient 
forms, between fifty and sixty species have been determined, 
a majority of which belong to a division of the order PacAy- 
dermata^ now only represented by four living species ; namely, 
three tapirs, and the daman of the Cape. This division com- 
prehends most of the theroid animals, now so frequently al- 
luded to in works on geology, of which the paksotherium (see 
fig.) was one of the most prevalent and characteristic. A 
detailed enumeration of the mammalia of this era would be 

inconsistent with the rudi- 
mentary nature of this trea- 
tise ; we shall therefore merely 
advert to' the leading orders 
now determined by the most 
eminent fossD. anatomists. 
Quadrumana (four-handed, or 
\ monkey tribe), one or two 
species from the eocene beds 
of the English basins; Mar- 
supialia (pouch-nursing), three or four species of a diminutive 
size ; Cheiroptera (hand- winged), two or three species of bat, 
chiefly from the gypsum beds of Montmartre ; Insectivora 

f insect-eaters), partial remains of a species of mole ; Carnivora 
flesh-devoui'ers), several species have been determined allied 
to the bear,, hyaena, fox, dog, seal, cat, weasel, &c. ; Bodentia 
(gnawers), ten or twelve species allied to the beaver, rat, hare. 




Form of PaUeotherium. 




Restored Form of Deinotherimn. 



lagomys, squirrel, &c. ; Pachydermata (thick-skinned), many 
genera and species, such as the mastodon, the deinotherium 
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(see fiff.)> elephant, hippopotamns, rhinoceros, horse, hoar, tapir, 
and a host of animals allied to the tapir ; Ruminantia (cud- 
chewers), a few species, as the stag, deer, elk, antelope, ox (2), 
&C.; Cetaeea (whales), one or two species; and gigantic 
Edentata (toothless animals), now faintly represented hy the 
sloth, the ant-eater, and the diminntive armadillo. 

248. 0/ the conditions of the world during the deposition of 
tAe tertiary strata, we are enahled to form some estimate &om 
the nature of their fosuls, and from the peculiar composition 
and aggregation of their rocky materials. So far as Europe is 
concerned, part of the existing land must have heen then 
elevated ahove the waters, formmg a series of insular ranges, 
with fiat vidleys and shallow seas between. From these islands, 
and from continents now submerged, rivers of considerable 
extent seem to have borne sand, clay, and vegetable debris, 
and to have deposited them in the seas and estuaries, while 
gravel, flint pebbles, broken corals, and shells, were strewn 
along the shore by ordinary littoral influences. Such mate- 
rials would give rise to beds of sand, clay, gravel, lignite, and 
calcareous conglomerate, enclosing marine remains, with others 
of fresh-water and terrestrial origin brought down by the rivers. 
But several tertiary basins exhibit strata of decided fresh- water 
origin, alternating with others as decidedly marine ; and to 
account for this phenomenon, we must have recourse to another 
set of agents. In the deltas of many modem rivers, like that 
of the Niger, lagoons of fresh-water are frequently cut ofi^ from 
connexion either with the branches of the river or with the 
ocean, and in these myriads of shell-fish, aquatic plants, croco- 
diles, hippopotami, and other fresh- water and amphibious races 
abound. At some subsequent period the connexion with the 
ocean is renewed — ^there being in general only a slight emi- 
nence of mud or sand to separate them — and thus the succeed- 
ing deposits assume a character decidedly marine. By these 
means it is easy to conceive how alternations of marine and 
fresh- water strata would occur; and particularly when we 
know that the south of Europe (central France and the Alps) 
was, during jthe tertiary era, subjected to extensive volcanic 
disturbances, "which would give rise to frequent submergences 
and elevations. We are thus enabled to account for the com- 
position and aggregation of the tertiary strata ; and when we 
reflect on their comparatively recent origin, and the fact that 
they are in many places not overlaid by other material, there 
is no difficulty in perceiving how they should be so loose and 
incoherent in their texture. Again, when we look at the 
nature of their fossils, we are led to associate with them ideas 
of a warm and genial dimate. The lands which fumialied 
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the cycadeffi, palms, cocoa nuts, and monkeys of the Eng- 
lish tertiaries, and the mastodons, elephants, rhinoceroses^ 
hippopotami, crocodiles, and turtles of the Paris hasin, must 
have enjoyed a temperature similar to that of the present 
tropics. The heds of lignite hear evidence of a luxuriant 
vegetation for the support of so many huffe graminivora; 
while the presence of hirds, insects, and the nigher orders of 
mammalia, point to atmospheric and other vital conditions 
little different from those now existing. In fcict, we find in 
the deltas of the Ganges and Niger — ^in their jungles, lagoons, 
and swamps — ^in their elephants, hippopotami, and crocodiles 
•^—almost perfect analogies to those estuaries and shallow seas 
in which the tertiary strata of Europe were deposited, 

249. In an ecanmnical point of view, the tertiary strata are of 
considerahle local importance. The celehrated burr millstones 
of 'France are ohtained from the upper fresh- water siliceous 
limestones of the Paris hasin ; some of the strata of which sdso 
furnish marble capable of receiving a high polish. Marked by 
the numerous shells which are imbedded in it, this marble is 
by no means unomamental, and has been used in the con- 
4struction of the jet9 d'eau in the galleries of the TuiUeries. 
Many of the fresh-water limestones rapidly disint^ate on 
exposure to air and moisture, and, fedling down to the state of 
marl, are used as manure ; while the ** crag" is occasionally so 
calcareous, as to serve the ordinary purposes of limestone. 
Pipe and potters' clay are extensively obti^ed both from the 
London and Paris basins ; the term jpiatUc, applied to the 
lower beds, being derived from the circumstance of the clay 
readily receiving the mould or form of the potter (Gr., plasso, 
I form). Gypsum T sulphate of lime) is perhaps the most 
valuable member of me deposit ; it is found abundantly in the 
Paris basin, and when calcined, reduced to powder, and kneaded 
with water, forms the well known plaster of Paris so exten- 
sively used by image-makers, plasterers, stereotype-founders, 
and others. Gypsum has also been recently ^plied as a top- 
dressing to crops, iknd as a fixer of the volatile principles of 
organic manures. Li^te (Lat., lignum, wood), or wood-coal, 
is found in some tertiary districts, the only deposit of impor- 
tance in England being that of Bovey Hayfield, near Exeter. 
Amber frequently occurs with these fignitic beds, and appears 
to have been a gum or gum-resin exuded by the trees with 
which it is associated. 

EXnjkNATOBT NOTE. 

Theroid animals.— The termination therium (Or. iherion, a wild 
beast) is adopted in geology to designate eertabi classes of toasSl 

Digitized by VjOOQIC 



152 GEOLOGY. 

mammalia whose gtraoture and habits have not yet beeti ftilly esta- 
blished by anatomists. The individual animals are characterised by a. 
prefix which applies to some peculiarity of form, the place wher» 
found, or the name of the discoverer. Thus we have the detnothenum 
rterrible wild beast) ; the palcBothenum ^ancient) ; the anopfotherium 
(miarmed, having no weapons of defence) ; the iTi^atherium (great) ^ 
the e^^inotherium (from the laminated structure of its teeth) ; tho 
an^rocotherium ^foundin the lignitic beds) ; the mtnotherium (recent) ; 
the sivatherium (found in the Sivalic range of the Himmalehs) ; &e. 
Though most of these animals are found in tertiary deposits, it would 
appear that some, such as the megatherium, outlived that era, and 
continued inhabitants of the globe long after the commencement of 
the current epoch. 



SUPERFICIAL ACCUMULATIONS. 

250. Jfter the deposition of the Tertiary Strata, a great 
change took place in the relative distribution of land and 
ocean. Most parts of Europe, America, and the other continents 
were elevat^ above the waters ; other regions seem to have 
been submerged, and an arrangement of physical conditions 
established not diffierin^ widely from those now existing. But 
these new conditions did not for an instant arrest the degrading 
and transporting power of water, the wasting effects of the 
atmosphere, the disturbing efforts of volcanoes, or the pro« 

fressive development of organic life : the same agents which 
ad exerted themselves, &om the beginning of time, in modi- 
fying the physical features of the world, continued their 
career, only differing in power and degree according to tha 
new arrangement. Thus, accumulations of sand, gravel, clay, 
vegetable and animal matter took place above the previously 
deposited strata— every river, lake, sea-shore, shell-bed, coral- 
reef, and peat-moss, contributing its peculiar quota. It is to 
such recent and progressive formations, now occupying the 
surface of the earth's crust, that the attention of the student 
is here directed. 

251. The term *^ Superficial Accumulationa" is applied to 
these loosely-aggregated masses of matter— whatever be their 
composition or mode of formation — to distinguish them from 
the tertiary sands and clays, in all of whicn stratification is 
distinct and undeniable. Other designations have been pio^ 
posed, such as post-tertiary (after-tertiary), quaternary (fourth 
system), &c. ; but that which we have chosen merely indi- 
cates their position, leaving further subdivisions to be made in 
the course of description. The most natural division is that 
which attempts to arrange these accumulations according to 
the respective dates of their formation. Thus :— 
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L Deposits now in pioness, and depending npon ordinary causes. 
2k Hiose whose origin depended upon ordinary causes now dormant. 
3b Hiose which owe their origin to extraordinary causes now dormant. 

A classification of this kind, however, is attended with so many 
difficulties, that it is next to unpossible to adopt it with any 
degree of accuracy. For instance, it is often very difficult to 
distinguish the gravel of some ancient lake, containing hones 
of the stag, elk, and elephant, from true tertiary strata ; and 
who shall decide whether certain inland ranges of sand and 
ipravel arose from extraordinary or ordinary causes ! Again, 
m many valleys alluvial matter has been accumulating from 
the time that they received their existing configuration up to 
the present day, thus making the most ancient and most recent 
of such deposits denend upon one long-continued and progres- 
sive agency. Further, an iceberg laden with rock debris and 
boulders, strewing its burden, as it melts away, along the 
bed of the ocean, is an ordinary operation ; yet were the 
bottom of the sea, with its mud, gravel, and immense boulders, 
to be elevated into dry land, appearances would present them- 
•dves which geologists would be very apt to ascribe to violent 
and imusual operations of water. Under these circumstances, 
the more philosophical mode of treating the Superficial Accu- 
Bdulations will be to adopt no classification which Involves 
dther the time, the ordinary or extraordinay cause of their 
formation ; but simply to treat them in succession according to 
their composition, or the agents obviously employed in their 
deposition. Following out this view, the prmcipal agencies 
and their results may be arranged as under : — 

Nature of AccumulaiUms, 

'Erratic blocks or boulders ; dark tenacious clays. 

Ossiferous gravels, sands, and pebbly clays. 
^Ossiferous caves, fissures, and breccia. 
''Raised or ancient beaches ; submarine forests. 

Marine silt, sand-drift, shingle beaches, &c. 
^Submarine deposits and accumulations. 
'Terraces on valley sides, marking successive water- 
levels. 

Valley deposits, consisting of river sand, gravel, silt, &c. 
^Deltoid or estuary deposits, ancient and progressive. 
' Sites of ancient lakes now silted up with various debris. 

Marls, such as shell, clay, and calcareous marls. 
^Lacustrine silt, and accumulations now in progress. 
'Calcareous — calo-tuff, sinter, travertine, stalactites, 
and stalagmites. 

Siliceous and aluminous deposits from springs, &c 

Saline and sulphurous deposits from spnngs, from the 

sea, volcanoes, &c. 
^Bituminous exudations, pitch lakes, &o. 



DETRITAL. 



MARINE. 



PLFVTATILB. 



LAOUSTRINE. 



MINERAL 

AND 
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rYegetable—peai-mosses, jun^^, vegetable diifl. 
_ - . ^ J Animal — shell-beds, cx>ral-reefe, &c. 
DR6Aiau. -j Soils— -primitive earths, vnth admixtures of organized 
i^ matter. 
[Earthquakes — elevations and depressions, &c. caused 



fEarth 

by 
4 Volcai 
I caui 



YOLOANIC. i Yolcanoes — elevations, disruptions, and other changes 
j caused by 
^Dischaiges and accumulations of lava, scoriae, dust, &e. 

The above synopsis comprises all masses of matter which pro- 
duce any sensible modification of the earth's surface ; other 
accumulations than these must be of a very local and limited 
descripti(m. 

EBBATIC BLOCK, OB BOULDEB, GBOUP. 

252. The terms ** erratic block groupy' '* boulder formationy* 
** diluvium" and ** diluvial drift,** are indiscriminately given 
by geologists to a thick mass of dark tenacious clay which 
overlies extensive districts, intermingled with numerous 
boulders having a rounded and water- worn appearance. There 
is nothing like regularity of deposit in this formation, unless 
it may be said that it attains the greatest thickness and uni- 
formity of composition on extensive plateaus like those of the 
coal measures, at the eastern extremity of certain valleys, 
and on the south-eastern flank of hills belonging to tne 
secondary period. The clay is generally of a dark blue 
colour, though in some localities it assumes a reddish hue. 
There are no lines of lamination in the mass, and no appear- 
ances of stratification, unless in some districts where there is a 
sort of natural division into "upper and lower clays" — the 
lower being dark and more compact, the upper lighter in the 
hue, and separated from the other by a thm reddish streak. 
Waiving these miautiae, the whole may be described as a cover- 
ing of compact dark clay, from 10 to 120 feet in thickness, full 
of boulders and rolled stones from the size of an egg to many 
tons in weight ; these blocks occupying the bottom, middle, or 
surface of the mass, without regard to gravity or any other 
law of arrangement. The boulders are of granite, syenite, 
primitive greenstone, gneiss, mica schist, and other crystalline 
rocks of a nard and durable texture. Limestone blocKs are of 
very rare occurrence, and thte more friable rocks of the upper 
formations are seldom or ever to be met with. This clay, 
with its intermingled boulders, generally rests upon the de- 
nuded outcrops or edges of the rock mrmationg ; is some- 
times imderlaid by masses of gravel ; and not unfrequenuy 
contains " nests," or irregular pAtohei of rounded pebbles. 
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253. Besides these patches which are interwoven with the elavy 
there are independent accumulations of gravel, and rubb^ 
masses of rock-fragments^ which seem to have been formed 
contemporaneously with the boulder-clay, and by tiie same 
agency. In Britain such accumulations ffenerally occupy 
the eastern extremity of longitudinal vaUeys, wnere they 
form curious ranges of flat-topped hillocks ; abut against the 
base of some mountain; or gather, without regam to any 
order of arrangement, aloi^ me eastern flank of those trap 
hills which present a bold iront or "crag" to the westward. 
They are found for the most part in more open situations than 
the clay, as if they had been arrested in their progress east- 
ward by prominences and shallows, while the clays were borne 
to deeper and more sheltered recesses. Like the dark clays, 
-they are destitute of organic remains, their larger pebbles are 
derired from primitive rocks, interspersed with fii^gments of 
sandstone, shale, and coal from the secondary formatLns. 

254. To account for the origin of the group thus described^ 
many theories have from time to time been advanced, of 
which only two deserve notice, as being at all adequate to 
the purpose intended. The first is that which supposes a 
set of powerfril currents to have passed over Britain and the 
adjoining continent ; these currents taking a course from the 
north and north-w^ towards the south and south-east, and 
sweeping before them clay, sand, gravel, and loose blocks, 
which were denosited, as the force of the waters abated, 
without any order or arrangement. How long the currents 
continued, theorists do not aver; but from the water- worn 
aspect of the boulders and gravel, an indefinite period is al- 
lowed. With respect to the direction of the drifting force, little 
doubt is entertained, for many reasons : — 1. Blocks of granite, 
gneiss, &c. which must have been derived from the Gram- 
pians, are found scattered along the eastern lowlands of Scot- 
land; primitive rocks from, the Lammermuir and Cheviot 
ranges are detected in the vale of the Tweed and in Northum- 
berland ; others from the Cumberland mountains are widely 
dispersed over Durham and the east of Yorkshire ; boulders 
from the Welsh range are found in the midland counties of 
England ; while the erratic blocks of Friesland and Germany 
point to the Sctmdinavian ridge as the source from which they 
were derived. 2. Those hiUs which range east and west have, 
without exception, their western brows swept bare, while their 
eastern flanks are thicklv strewed with gravel and boulders. 
3. Many accumulations of gravel bear evidence of their having 
been pOed up by a force from the north-west. '4. Blocks evi- 
dentiy derived from the outcrops of certiun strata are often 
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found among the debris a few yards to the south-east, sbimin^ 
clearly that the transporting power passed over them ^m tbB 
north-west. 6. The supposea currents have been modified m 
their direction by ranges of hills, so as to set the volume of 
water with greater rapidity down the valleys which lie bc^ 
tween them, as the greatest accumulations of drifb and 
boulders are found at uie eastern extremities of such gorges 
and valleys. But while no doubt is entertained either as t^ 
the agency of water in the formation of these accumulationei^ 
or as to the direction in which the waters flowed, great diffi- 
culty is felt in conceiving any current sufficiently powerful to 
sweep before it blocks of several tons weight, and that of«r 
heights and hollows for many hundreds of miles. Indeed it 
seems impossible to reconcile the theory of violent curreRta 
with the phenomena presented ; for, granting the oceurrene© 
of some extraordinary cataclysm, during wliich the waters of 
the ocean were thrown over the land, the currents must have 
abated in velocity as they drew to a close, leaving the detritus 
to arrange itself more in accordance with the laws of gravity 
than what is exhibited in a mass of clay and boulders. 

255. The second ^Aeor^ supposes that those portions of Europ* 
now covered with erratic blocks were submerged after mt 
deposition of the stratified formations ; that this submeige9ic<i 
was caused by some extraordinary revolution in the planetarj 
relations of our earth ; that it was accompanied by a change 
of climate, and other terrestrial conditions ; that while in thu 
state, icebergs and avalanches formed around the earlier moun-> 
tains which were still left above water ; and that these ice- 
bergs, as they were loosened from the shore by the heat of 
summer, and floated southward by the currents of the ocean, 
dropped their burden of boulders and gravel precisely as Cap- 
tain Scoresby (page 24) found modem icebergs dropning their 
debris in the northern seas, and as the officers of tne reeen^ 
Antarctic expedition observed similar phenomena in the 
Southern Polar Ocean. It is further supposed, that while 
icebergs distributed the erratic blocks and other debris in 
deep waters, avalanches and glaciers were forming moraine$ 
of gravel in the valleys of the then existing land analogous 
to what is observed in the alpine glens of Switzerland. 
Again, one cannot read Mr Simpson's account of the shores of 
the Polar seas, and learn that the ice formed during winter 
over whole leagues of gravel, breaks up during summer, and 
is blown on tne beach by winds, or piled up by the tito^ 
where, melting, it leaves long flat-topped ridges, without ^et* 
ceivinj; a wonderful resemblance between these eflfects and the 
long smgularly-shaped ridges of ** diluvial" grayel. Accoiding 
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to* this theory, it is easy to account for the south-eastward 
direction of the drift, for the Polar Ocean still maintains its 
great southward current to the equatorial seas, modified, 
tmdoubtedly, in its course, by the inequalities of the bottom 
over which it passes. The chief difficulty to be obviated is 
the temporary diminution of temperature which the north of 
Europe must have then experienced ; and this can only be 
accounted for by some derangement in the planetary relations 
of OUT globe. 

s 256. Both theories are beset with many difficulties^ and though 
tiiie latter accounts more satisfactorily for most of the pheno- 
meaa of the erratic block group, still there are many points 
irespeoting the distribution and extent of the deposit to be 
investigated before either can be finally adopted. All that 
oan be affirmed in the present state of the science is the com- 
position and nature of the clay, gravel, and boulders, as above- 
described — ^the course of the currents concerned in their depo- 
sition — the fact of the land having a configuration of hill and 
valley not differing much from what now exists — and the 

feculiar scantiness, if not total absence, of organic remains, 
f the latter theory be adopted, it is easy to perceive how the 
soft bottom of the ocean, as it was elevated into diy land, would 
bo furrowed and channeled by the receding waters — here being 
swept bare of its mud, but retaining the boulders ; there being 
covered by accumulations of transportable clav and gravel ; 
while the deeper hollows being left undrainea, would form 
lakes and morasses, which were in turn to be silted up by 
subsequent material. 

OSSIFEROUS SANDS AND GRAVEL. 

257. Next in point of antiquity to, if not contemporaneous 
with, the clays and boulders of the preceding group, may be 
ranked those ossiferous sands and gravels found scattered at 
intervals over the valleys of Britain, the continent of Europe, 
and the river plains of North America. They are termed 
ossiferous (Lat. os, a bone, and fero, I bear), from their con- 
taining bones of elephants, hippopotami, horses, bears, deer, 
and otner animals, which belong to existing species, but do not 
now inhabit the regions where these remains occur. For in- 
stance, large portions of England, Wales, Scotland, and Ireland 
are covered oy irregular accumulations of rounded pebbles 
and gravelly sands, in which are found bones of the elephant, 
hippopotamus, &c. none of which have been known in this 
country within the historic period. In similar deposits the 
8kdet<ms of elephants and mammoths have been discovered in 
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Iberia fmd Uie north of Europe ; the bones of the mammoth^ 
mastodon, and megatherium in America ; and even among the 
Esquimaux of the Polar seas Captain Ross and Mr Simneon 
observed platters fai^oned from the fossil grinders of tnes^ 
gigantic mammalia. Neither at present, nor throughout the 
whole historic period of four thousand years, have any of 
those countries heen in conditions of climate to support such 
hu^ graminivora, and therefore geologists are compelled to 
assign a very remote and ancient origin to the gravels in 
which their relics are entombed. 



1 2 

BkeletoB of Megafherkim. 

258. The eompositum and aggregation of these sandt asmi 
gravels point to the long-continued action of water by which 
their pehbles were rounded and smoothed like those of ih» 
riversy lakes, and sea^oree of the present day. The mineral 
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oliaiacter of the pebbles enables the gedogist often to deeide 
with certaintjT as to the quarter mm. whence they werei 
drLEted ; and in Britain this generally corresponds with that 
horn which the erratic blocks were derived. like the 
bonlders, the great mass of the pebbles are from primitive 
locks, interspersed with secondary sirnds, rolled flmts, and 
calcareous cement. The imbedded bones are more or less 
impregnated with iron and lime, are harder and heavier than 
DBCMit bone, but never so much petrified as to obliterate the 
bony structure. The gravels have all a light ferruginous 
tini^ and can only be distinguished in certain localities from 
true tertiary gravel by the recentness of their fossils, or by 
some circumstance of position or mode of aggregation. 

259. Much uncertainty prevails with respect to the origin and 
aggr^ation of these ossiferous sands and gravels. Many of 
them are no doubt local, and have been formed by the acticoi 
of rivers, the silting up of lakes and other extensive shallows ; 
and could such be separated from those which appear to 
have been accumulated by some very powerM and extensive 
agency, the task were greatly simplified. Unluckily, however, 
this seems to remain an insuperable difficulty, so that geolo- 
gists are compelled to class together all deposits of ancient 
ossiferous gravel into one group, without much regard to the 
{^encies concerned in their accumulation. This grouping ia 
rendered still more indefinite by the assertion of some eminent 
geologists, that ossiferous gravels have been found underneath 
the erratic boulder clay, containing the same kind of bones 
with those above it. ^ould this be the case, it would tei^ 
to establish the theory, that the ossiferous gravels and erratic 
blocks took their origin from the same set of unusual causes ; 
that they belonged to an era which was posterior to the ter- 
tiary, and prior to the existing arrangem^its of nature ; and 
that before this epoch, which was of considerable duration^ 
many of the tertiary races had died away, and been succeeded 
by others, most of which still exist, though now extinct in the 
regions where they then flouriahed. 

OSSIFEROUS CAVES, FISSUSES, AlfD BBEOCIA. 

260. Belonging to the same era with the ossiferous gravels^ 
and only here separated for tibe sake of perspicuity, occur 
numerous caverns and fissures filled with the bones of ele- 
phants, rhinoceroses, hyenas, bears, deers, and other animals. 
These caverns are found in England, France, Belgium, Ger- 
many, along the coasts of the Mediterranean; in North Americ»y 
and in Australia. They are situated almost exclusively in 
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thick strata of limestone, a rock peculiarly liable to be iissareii 
and worn out by the action of springs and subterranean waters. 
Among the mud of these ancient caverns, or covered over with 
calcareous incrustations, lie the bones of land quadrupeds per^^ 
fectly preserved, and capable of being compared with existing 
races. ** The result," says Professor Phillips, " is extremely 
remarkable : instead of a large proportion of the existing 
species of animals, which, during the early periods of history, 
if not in later times, might have been expected to fall into 
fissures, retire into caves, or be dragged by wolves to their 
dens, we find the greater number of bones to belong to ele- 
phants, large feline animals, the rhinoceros, hippopotamus, 
elk, hyaena, indiscriminately entombed with oxen, deer, and 
many smaller animals." Masses of bones are also found filling 
fissures and other openings in rocks, mingled with pebbles, 
mud, fragments of shells, &c. To such accumulations the 
term osseous breccia is applied, from the fragmentary nature of 
the compound. 

261. The number of ossiferous caverns is ve^ g^^eAy but 
we can only allude to those which occur in England. In 
general they are situated on the limestone escarpments of th« 
secondary hills, or on the terraced side of some valley. In the 
latter case, they are considerably above the existing bed of thfe 
valley, though at one time they must have been on a level 
with the waters which occupied its expanse. The most cele- 
brated are Banwell Cave and Hutton Hole in the Mendi^ 
hills. Dream Cavern near Wirksworth, Peak Cavern in'Nid- 
derdale, Rents Hole at Torquay, and Kirkdale Cave in York- 
shire. The latter has been thus described : — *' Kirkdale Cave 
is situated about twenty-five miles north-east of York, above 
the northern edge of the great vale of Pickering, and thirty 
feet above its waters. Its floor is upon the great scale, level 
for the whole length yet explored (250 feet), and nearly con- 
formable to the plane of stratification of the coralline oolite in 
which it occurs. In some parts the cave is three or four feet 
high, and roofed, as well as floored, by the level beds of this 
rock ; in other parts its height is augmented by open fissures, 
which communicate through the roof, and allow a man to 
stand erect. The breadth varies from four to five feet to a 
mere passage ; at the outlet or mouth against the valley was a 
wide expansion or antechamber, in which a large proportion 
of the greater bones, ox, rhinoceros, &c. were found. This 
mouth was choked with stones, bones, and earth, so that th« 
•eave was discovered by opening upon its side in a stone quarry. 
On entering the cave, the roof and sides were found incrusted 
with stalactites, and a general sheet of stalagmite, riang 



y Google 



OSSIFEBOUS CAYES, FISSURES, AND BRECCIA. 161 

Irvcgokrly into bosses, lay beneath the feet. This being 
broken through, yellowish mud was found about a foot in 
thickness, fine and loamy toward the opening, coarser and 
amre sandy in the interior. In this loam chiefly, at all deptiis, 
from the surface down to the rock, in the midst of the stakg- 
mitie upper crust, and, as Dr Buckland expresses it, ' sticking 
through it like the legs of pigeons through a pie-crust,' lay 
multitudes of bones of the following animcds : — 

Carniyora — ^hysna, tiger, bear, wolf, fox, weaseL 
.Paohydermata — elephant, rhinoceros, hippopotamus, horse. 
RuMiNANTiA — ox, three species of stag. 
RoDENTiA — ^hare, rabbit, water-rat, mouse. 
Birds— raven, pigeon, lark, duck, snipe. 

The hyaena's bones and teeth were very numerous — ^pro- 
bably two or three hundred individuals had left their bodies 
in tnis cave ; remains of the ox were very abundant ; the 
elephants' teeth were mostly of very young animals ; teeth of 
hippopotamus and rhinoceros were scarce ; those of water-rats 
Tery abundant. The bones were almost all broken by simple 
tocture, but in such a manner as to indicate the action of 
hyenas' teeth, and to resemble the appearance of recent bones 
broken and gnawed by the living Cape hyaena. They were 
flistributed ^ as in a dog-kennel,' having clearly been much dis- 
turbed, so that elephants, oxen, deer, water-rats, &c. were in- 
discrinynately mixed; and large bones were found in the 
Barrowest parts of the cavern. The peculiar excrement (album 
grecum) of hyenas was not rare ; the teeth of hysnas were 
Sound in the jaws of every age, from the milk tooth of the 
young animal to the old grinders worn to the stump : some 
of the bones were polished in a peculiar manner, as if by 
the trampling of animals." 

2/d^. The conclusions to be drawn respecting these ossiferous 
caverns are — 1. that some of them formed the dens of raven- 
ous animals, like the wolf and hyena, w^hich dragged in the 
carcases of other animals, and feasted upon them in quiet, 
leaving the bones to be covered in process of time by incrusta- 
tions of calcareous matter ; 2. that others were partially filled 
by these means, and partly bv the drifting in of bones and 
dead animals by some extraordinary inundation ; 8. that many 
(fissures especially) were filled by the same drifting process, 
or by the accidental falling in of the animals ; 4. that several 
appear to have been used during successive ages as retreats for 
animals of all kinds, and even for man himself, as remains of 
savage life are found in caverns, the floors of which are 
formed of calcareous incrustations, mud, and the bones of 
animals extinct long before man made his appearance. 

L 
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EXPLANATORY MOTE. 

Bov^DBRS, oa BbwLDEBs — a tern metallj applied t» ] 

naises of stone lying on the smfiEboe, or loosely indbeaded in the nrib 
8<h1. Bouldevs are found of all; sizes, those of i^raiiite, syenite, m4. 
primitive greenstone being the largest, and often weig^iing worn ten. to- 
thirty tons. 

DiLCTixJM. — ^The terms dihiTiom, aEnvinm, and collnvimn, are to be 
fomid in all geological' worl», but the distinctions made between them 
are often not very obvious. CoUuvium (Lat., oon^ togethecv ^^oA Vao, I 
wash) is meant ta apply to mnsses of detxital matter washed together^ 
without hinting at the nature of the force by which they were acou« 
mulated. Alluvium (Lai., ad, to) is generally apfdied to matter 1»ought 
together by the ordinary operations <rf water, soch as river silt ; while 
dmvium (Lat. dis^ asunder), on the other hand, is regarded as implying 
the extraordinary action of water. In this sense duuvium was at one 
time restricted to those accunmlaticas ei gravel, && mpposed to lM»e 
been the eonsequenee of the Deluge ; but it has now a wider signifio*- 
tion in geology, being applied to all masses apparently the result of 
powerfd aqueous agency. 

Moraines — the name given in Switzerland to the longitudinal 
ckposits of stony detritns which are found at the bases and along 
the edges of afl the great ghu^ers. The formation oi these aeenmola- 
tions is thus explsdned by Professor AgMsia : — The glaeicsa, it is weSk 
known, are continually moving downwards, in eonsequenee, probablj^ 
of the introduction of water into their fissures, which, in freezing^ 
expands the mass ; and the ice being thus loosened or detached from 
the rocks below, is gradually pressed forward by its own weight. In 
eonsequenee of this motion, the g^ravel and fragments ef loehs wHeb 
&11 upon the ^aeiers from the sides of the adjacent momiiaini aie 
accumulated in longitudmal ridges, or moraima. 

Osseous breccia. — Any rock composed of an agg^utmation of angular 
fragments is designated by the Italian word breccia ; and when frac- 
tured bones are abundantly mingled with the mass, it is termed an 
onemts breccia. A breecia, or breceiated rock, dLffisrs from eonglome^ 
rate or puddingstone, in having its component pebbles aiigular and 
fragmented, whereas those of the latter are loosded luid water-wsom. 



SUPERFICIAL ACCUMUIiAnONS— CONTINUED. 

RAISED BBACRBS'— SUraiARINE FOREaTS. 

263. Where the sea artd landjmHy the former, by the aeiMD 
of its wares axud eurreats, soon f<mm a level beach or f^Mte^ 
along whieh is strewn sand, gravel, shelly and other mairine 
exuvis. In tidal seas, thk beach is suoeesstyely inundated and 
exposed by the flowing and ebbii^ of the waters ; and In seas 
where there is no perceptible ti£, the winds and waves gz»- 
dnally form a fringe &i drifted matter, so that in either ease 
there is impressed upon the land a water-mark which it is bor 
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possible to mislaiEe for asy other agfpetaoBce. Wltere an ele- 
vatioii of the kod takes place, this beach wiU form a terrace 
c ^nyM e d of sand, gravel, and other marine debris, rangmg 
mere wt lesspttcalkl with the new line of coast : snch terrace? 
are known by the nune of raised w an/dent beaches. But 
the earth's crust is as liable to* depression as elevation ; and 
thoi^ depressions are net so obviouii^ in conseqtience oi the 
(»rernow of tiie oeean, stiU, in certam localities, the ebbing 
tide exposes the stamps of trees and other terrestrial evidences 
of these distriets beaving at one time formed dry land. Phe- 
nomena of this kind are known as miibntarinefor&^f and are 
classed with ancient beaches, aa showing the depressing and 
elevating fences to whieh the terrestrial crast is still subjected. 
264» Baised hetickee have been discovered in many parts of 
the world; in some, evinced by a single terrace, in others, 
by a succession of terraces. Several of these beaches are 
coB»aratively recent— as the Chili upheave of 1822, and the 
Ullah Bund at the month of the Indus in 1819 (par. 74) — and 
are obviously the results of local earthquakes and volcanic 
eniptions. Othmrs are of more ancient date, though still 
GOBUBg within the historic period ; while most of the higher 
terraces evidently belong to the dawn of the present geological 
era. Examples of such phenomena occur in the valleys of the 
Forth and Clyde, and al<»ig many parts of the coast of Scot- 
land* One terrace, rangii^ from 40 to 60 feet above the 
{^eaent searlevel, is very continuous, and contains the shells of 
the limpit, whelk, cockle, common buccinum, and other 
existing species. It forms the piatean on which many of 
our modem sea-ports are situated, and preserves an outline 
generally parallel with the existing shore. Traces of a lower 
terrace, ranging from 6 to 15^ feet above the present hifh- 
water mark, occur at several points on the eastern coast ; but 
donhts are entertained whether it might not be the result of 
other causes than terrestrial elevation. As in Scotland, so in 
England evidences of a former sea-beach have been detected 
along the coasts of Lancaslnre, Yorkshire, and Durham, in the 
valley of the Mersey, and in the l^ristol Channel. The same 
terraced appearances^ with the remans of existing sea-shells, 
are found on the coasts of France, Fbrt^al, Sicuy, Greece, 
Norway, Sweden, and other parts of the European sea-board. 
In the Mediterranean, one terrace, nearly 50 feet above the 
saay and full of sheUs, is di^semible at many distant parts of 
the shore ; on the coast of Norway, accumulations of marine 
shdls are found nearly 200 fleet above the existing beach ; and 
alonp^ the borders of the Bidtic, well-defined plateaus of marine, 
dfitntua occur at elevations varying from 50 to 100 foet. All 
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these examples, with many othJBrs which might be adduced 
from the coasts of South and North America, point to daoces^ 
sive elevations of the land, analogous to those by which the stra^ 
tified formations were raised from their seas of deposit into 
open day. The remains found in the gravel and sand of thesd 
beaches are chiefly shells belonging to species now inhabiting 
the ocean, though a careful examination detects varieties 
apparently extinct. The more elevated terraces, like thoM 
of Scotland and Scandinavia, are evidently of great antiquity^ 
and where they occupy wide expanses in ancient firths ana 
bays, are apt to be mistaken by the superficial observer fof 
true diluvial or even tertiary gravels. 

265. With regard to the origin of submarine forests, geolo- 
gists are somewhat at variance— one class of theorists ad- 
vancing such phenomena as evidences of submergence, another 
contending that they merely occupy low flat districts, which 
have been successively lost and won by the sea. Without 
advocating either hypothesis, it may be stated that the sites of 
these so-called forests are generally flattish districts a few feet 
under the ordinary sea-level, and when exposed after a stonxiy 
or during ebb tides, present a series of half-fossilised stumps, 
with their roots imbedded in a stratum of dark-blue clay, evi- 
dently the soil in which they grew. The stumps have undei^ 
gone various degrees of petrifaction, and many of them am 
also incrusted with iron pyrites. Phenomena of this kind hat« 
been detected in the estuary of the Tay, in the Firth of Forth, 
on the coast of Hampshire, and other places — ^proving, to all 
appearance, that the land in which they grew had been sub- 
merged beneath the ocean. Those who oppose this view, sup- 
pose the treei to have grown in low alluvial tracts, which were 
sheltered from the inroads of the sea by sandhills and o^er 
barriers, and that on these barriers being broken down, the 
forests were overthrown, and their trunks and roots covered 
by the inundating waters of the ocean. This latter hypothesis^ 
however, has few adherents, the submergence of land beinff as 
common a phenomena as its elevation, Submeigences, like 
those of the Japanese towns in 1696, of Port Royal in 1692, of 
parts of the Portuguese and African coasts durmg the laslxm 
earthquake of 1775, are occurrences to which all districts hare 
been and are still liable ; and there is nothing more tmusual 
in detecting the stumps and roots of trees on the bed of the 
ocean, than in perceiving the houses of Port Royal, which 
were visible for nearly a century after their submergence. 

266. The conclusion to be drawn from the occurrence of raised 
beaches and submarine forests is, that the crust of the earth is 
fitill subjected to the same elevating and depressing forces which 
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wene instramental in modifying its surface during the deposi- 
tion of the earlier formations. The results of existing forces 
may be insignificant when compared with those of former 
periods, but they are precisely analogous. An elevation of 100 
feet may produce a very narrow terrace of gravel, where the 
land shelves rapidly beneath the water ; but where the sea is 
ahallow, as in most bays and estuaries, it will lay bare thou- 
lands of acres composed of mud, clay, sand, gravel, and marine 
exuvis. A new formation would thus be constituted as pecu- 
liar and as characteristic. of its era and origin as the tertiary 
w any other system of strata. 

MARINE SILT, SAND-DRIFT, SHINGLE BEACHES, &C. 

267. Under the term ^^ Marine SUt" is comprehended' all 
those masses of sand, mud, clay, gravel, &c. which are still in 
progress of accumulation along the existing shores of the 
ocean. Waves, tides, and other oceanic currents, are the forces 
by which they are collected and arranged, although a great, 
perhaps the greater, proportion of the material is derived from 
the land by the ceaseless transport of streams and rivers. It is 
necessary, however, to form geological distinctions between 
marine, estuary, river and lake deposits, as far as practicable, 
aceordin^ to the agency more immediately concerned in their 
aggregation ; for it is only by so doing that we are enabled 
to account for the peculiarity of their organic remains, and 
therefrom 'to form correct ideas respecting the character of the 
earlier formations. Along the entire shore of the ocean, drifted 
matter is always more or less accumulating ; scantily around 
headlands and exposed places, where the sweep of the tidal 
current is powerful ; abundantly in sheltered bays and recesses. 
Of the extent of such deposits it is impossible to form any- 
thing like a correct estimate, travellers and voyagers having 
hitherto directed little or no attention to the geological features 
of the countries which they visit. Instances of marine silt 
are afforded by the sands ot Tentsmoot asid Pilmoor between 
ihe Tay and St Andrews in Scotland, by the "warp" yearly 
reclaimed near the mouth of the Humber, the fens of Lincoln 
and adjoining counties, the extensive sands and marshes near 
Yarmouth, the Chesil bank. at Portland, and the flats of 
Somerset and Gloucester on the estuary of the Severn. Some 
of these tracts are of considerable extent ; but they are insig- 
nificant compared with what has taken place in other regions. 
The isthmus of Suez, for example, which is now 27 miles 
broad, is said to have doubled its width since the time of 
Herodotus (4000 years ago) ; Tehama, a country on the Red 
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Sea, has increased from three to six miles seaward mce tlie 
Ohristiaa em ; Tyre and Sidon, nearoorts mentioiied in Senp- 
ture, are new aev«rai miles inland ; hundreds of square miles 
of Hollaod, and the other Low Countries of the continent, 
aie the direct {brmati<m of the existii^ seas. 

268. Sand-drift is i90 intimately connected with marine s9t, 
that both may, without raodi iiMTopriety, be considered as • 
<me deposit. When the hitter is enle&y composed of sand and 
comminuted sheik, its surface, on being exposed by the ebMi^ 
tide, becoaies so dry and light as to be «a8ihr borne abont by 
the wind. Blown into slignt enneaces mta inregnlar rklj^ 
a portion of it is placed beyond the reach of the returning 
tide, and this process, repeated year after year, g^es rise to 
extensive flats of sand curiously blown into dunes or little 
hillocks, and aooo^ed out into h(dlo ws or bmnkers. The seeds of 
the arundo«renana(bent), elymus, and other maritime plants^ 
•oon spring up from this newly-acqwed land, and nmd It 
together by their long interweaving roots ; other -species sne- 
oe«d ; and thus, in process of lime, a vegetable sward gathoB 
over it, and protects it frtim larther reoRMval. Such accumula- 
tions are known by the name iif wemd-drifty and are of all ag«B, 
from that •covered bv many inches of vegetable bgoI, and 
hrooght xmder ihe plough -of the temer, to the loose sand 
which was drifted up dnraig the <^b of i!t» latest tide. Om- 
•ideraible tracts of this semdy formation are to be found 
skirting the coasts of every coustty — at some places in long 
narrow fringes, at ethens in wide expanses of many thonsancn 
Nacres. It is always at the head of navs, in oredcs, and other 
recesses, shdtered by some heacUand from the swe^ of the 
iidid curr^it, that such d^>osits ooenr ; mdeed, by the erection 
of artificial jetties or projections, fringes of sand may be 
oollected along the coast of any tidal sea. The difficulty 
of preventine tracts of this nature from duftin^ «nd drifting 
alxMit, and we damage which feUows to cultivated soil by 
sand bdng blown of«r it, has given rise to many Bchemes 
£br their vetentbn. The common bent (arundo arenaria) is 
regulaily planted on the sandy plains of Poland, and Lord 
Palmerston has followed the same process with complete suc- 
cess on a laive tract of sand-drift between Bally^annon and 
Sligo hi B?eland. The French government phmte uid pro- 
tects forests of sea-pine, to prevent the sands of the Bay of 
Biscay near the <jraronne fr^ being drifted inland ; and at 
one time it was held penal to pull the bent whidi grew upon 
the Unke or downs of Scotland. 

269. Shingk beaches ore tiiose accumulations of Tounded and 
water-worn stones which are piled up on oertun parts of the 
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oQftst by the ^OBJoint action of the waves and tides. They 
ooour only ^ong exposed districts, from which the sand and 
fiiMT ^fbris is swept onwards to the more sheltered recesses. 
The It^termg force of the waves duiiiig high storms is so 
powerful, that masses of shingle are often fonnd &om 4 to 12 
Metahove ordinary tide-mark — Cleaving appearances very per- 
l^xkig to the geologist who is unacquainted with the force of 
wmreAy <^e weiglit which stones lose when immersed in water, 
and ^e conous wedge-like arrangement which takes place 
muomg the mdi^hiaf pebbles. In addition to the forward 
motion imparted to these beaches by the waves, they are also 
MJbjeoted to the lateral current of the tides ; and thus some of 
thtttt move onward alone the coast with so perceptible a 
flMt^n, tiiat they have Been demgnated travelling oeaches. 
WlMPe afakiglv is found at connderable altitudes, or in places 
wm i«aM>ved frem the «ea, it is apt to be confounded wii^i 
dfluvial matt^ ; but an att^ottrve examination of the manner 
M wliidi it Is pitod up, and tihe remains which it contains, will 
prevent such a mistf^e. 

2!^. The fiseils imbedded In marine eilty eand-^rifty and 
MrngJCy aSl heloi^ to ^xlsdng races, iiiough some of these racei 
am now extinct in the countries where their remains are 
tonrnd. Marine nit, in many places, must be as ancient as the 
tiMve wh^ the land and sea received their present configura- 
tion ; md from 1^ peculiar nature of its formation, mutt 
ooiitai& bodi hmd and marine relics — the latter, however, 
gr eat l y prevaSing. Scarcely any of the fossils are petrified ; 
MOit of them retain their usual structure ; and unless where 
^le sands aa*e highly calcareous or ferruginous, there is no 
•aeh thmg as indura£kni among the materials which compose 
these deposits. 

SUBMABINE DEPOSITS AMD ACCUMULATIONS. 

271. Submarine depoeits are those which take place under 
the waters of the ocean, and are not subjected in any measure 
to littoral influences. Of snch deposits geologists know 
•oarcely anything with ceitainty, as few seas have been 
founded with a vkw to detect the nature of the material 
aoeumulafcing beneath. This only we know, that where 
•onndjngs have taken place, mud, sand, shells, broken corals, 
Ac. harv been found, evidently deposited there by subma- 
nne euvente^ which are modilted in their velocity according 
to tire inec^uaiities of Hie bottom. Many of these currents 
are aseertamed, and according to the regions whence they 
ooBM, and «ver ^nhkib. they pass, so vnH the material 
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be which they are depositmg^ along the bed of the oeeaiu 
Thus, the two polar currents, as they direct their course to tho 
equator, carry with them icebergs and floes laden with the 
rocks and gravel of the arctic and antarctic islands ; the gulf 
stream transports the sea-weeds, animal remains, and omer 
debris of equatorial countries ; while the outward current of 
the Mediterranean deposits in the Atlantic the products of its 
temperate regions. All these agents are unceasmgly at work ; 
and thus strata are now in formation along the l^ttom of the 
sea which, if elevated into dry land, would vie in extent 
with many of the secondary systems. 

272. Submarine accumulations have been detected in the 
Yellow Sea, which is rapidly shoaling, in the Gulf of Mexico, 
in the Caribbean Sea, the German Sa, and in other divisiims 
of the great ocean. The latter, according to Mr Stevenson^ 
is deepest on the Norwegian side, where the soundings give 
190 fathoms ; but the mean depth of the whole basin may 
be stated at no more than 31 fathoms. The bed of this sea 
is traversed by several enormous banks, one of which, oc- 
cupying a central position, trends from the Firth of Forth in 
a north-easterly direction to a distance of 110 miles ; others 
run from Denmark and Jutland upwards of 105 miles to the 
north-west ; while the greatest of all — the Dogger bank — ex- 
tends for upwards of 354 miles from north to south, l^e 
superficies of these enormous shoals is equal to one-fifth of 
the whole area of the German Ocean, or about one-third of 
the extent of England and Scotland. The average height of 
the banks measures about 78 feet, the upper portion of them 
consisting of fine and coarse siliceous sand, mixed with com- 
minuted corals and shells. As in the German Ocean, so In all 
other seas agents are at work depositing, however slowly, 
materials which are destined to form part of the stratified for- 
mations of future continents and islands. 



TERRACES IN VALLETS. 

273. Terraces on the sides of valleys, like those along the 
sea-coast, indicate levels formerly occupied by water. The 
latter are ancient sea-beaches, supposed to be the result (^ 
elevations of the land ; the former may arise partly from ele- 
vations of the same nature, and partly from their rivers having 
cut for themselves a deeper channel. Thus, a terrace in an 
estuary or river opening towards the sea may be considered 
as indicating a raised beach ; but terraces Inland, and above 
the level of this beach, undoubtedly owe their origin either 
to the drainage of lakes, or the deepening of river channels* 
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Itiver-terraces are in general of no great breadth, but sweep 
along the sides of the valley, looking at a distance like a road 
ttnbankment ; hence the term '* parallel roads" has been ap- 
plied to those observed in Glen Roy. Their surfaces are 
covered to a considerable thickness with sand and pebbles — 
showing the long-continued action of water at that elevation. 
In some valleys there are two or three successive terraces 
(see fig.), marKing the gradual declension of the rivers to their 
present level ; and not unfrequently isolated mounds of gravel 
\d) stand out in the plain, of the same height with some of the 
terraces, as if these knolls had been shoals and sandbanks 
when the water occupied a higher level. 




-^(^tfm^<y^y?^^^^ 



Of VppeT teirace ; b, Lower terrace ; c, EzisUng river ; d, Isolated mound 
of gravel, of the same height with the lower terrace. 

274. Such terraces are found indiscriminately in all parts of 
isalleys — at their heads, in their broad expanses, and in their 
estuaries. They are frequent where rivers descend from 
mountainous districts, but not very distinct and definite even 
should the water have formed glens and valleys of erosion 
many hundred feet in depth. The reason of this is, that the 
eiiies are so steep, so liable to landslips and other waste, that 
the terraces gradually become obliterated, leavmg the bank as 
one continuous inclination. On the sides of valleys, properly 
so called, the case is otherwise, the terraces being left level and 
distinct as on the day they were deserted by the waters. 
These appearances would seem to indicate the existence of 
ancient lakes and other accumulations of water at a high 
level, which were either suddenly or gradually drained 
as the river cut through the barriers which produced them* 
Indeed, most of the valleys in our own island appear to- 
harve been at one time mere chains of lakes and morasses, now 
drained in consequence of the waters which flowed from them 
hftvin^ gradually deepened their channels. This natural pro- 
cess of drainage is still going forward amid the swamps and 
lakes of other countries ; and it is therefore easy to conceive 
bow terraces, beaches, or ancient water-marks are formed, and 
will continue* to be formed, until rivers have worn down their 
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c^nnels io the lowest iepth whieh tbe reltttivB level of soft 
tmd. land will permit. Ifistaraces occiur in Grlen Roy, in th% 
Tidleys of the Tay, Edeg^ Tyne, Wear, Tees, Ouse, and other 
Btitifiii rivers, 4dl of "w^udi present the same lerel sho^e-likt 
appearasice. Similar terraces or beaches ure 'found extending 
atong laa^e tracts in the ricinity of Hie great American lakes 
— ^Qiowing that these **frefife- waiter seas," as they are not mst^ 
p»>priate]y ieraoed, at one timeoocnpied a higl^r krd, a&d 
fpread over mva^ wider areas. 

BBPOSnS m YAIiLBTS. 

275. Deposits in valleys, as distinguished from those in lakes 
and estuaries, are of a very complex description. In general, 
liiey consist of clay, marsh-silt, sand, gravel, and shiag^e— 
^ooording to the nature of the country through ifdiidi 1^ 
liver Sows. Rapid streams leave along their Imks <»ly the 
lieavier atones and gravel, and carry all li^t und ImpcdpaMe 
matter to their «ii]£ouchur^L SSug^rish rivers, on the ol^iar 
Imad, deposit a great porti<m <si ^eir susp^aded impurities in 
the valleys :&iough which they flow, thus fonuing inland 
tracts of alluvial soil. All riven, however, -are liable to 
isudden freshets, and as they wind and bend their way sea- 
ward, they tear up formerly-^^osited nuttter — ^bere pilmg up 
maases of shingle and boiildeTs, there mounds of sand, vA 
again onreiiaying the whole with a covering of lamd. It is 1lMt«- 
fim impossible to isa^ what was accumulated hv the ordinary 
and what by ti» extraordinary (^rations of rivers, or to 
separate &e anoi^it from the modem. Again, most «f 
0ur valleys {looally termed dales, faaughs, carses, &e.) have 
l>een the sites of lakes and ^noxasses in which heterogeneoafi 
fi^ was depof^wd, and there is thus an InsuperaMe dMctily 
in distkiguishmg between what is really fluviatile and whfft 
bHCUstrine. 

276. Wi^oui mMin^ too nice distincftiensj river deposits 
may be described as more heterogenous in their materi^ 
and more irregularly laid down, tliaii those of lacu^rine 
<ir%in. In lakes, the erav^ sand, aiod mud are distributed 
in Juyera according to weir respective gravities, wheiwas the 
ahingle, gravel, and mud coileoted by river-torreaits are piled 
up without respect to any law of sedimentary arransement. 
Notwitlistandiiilg this, toere aie vidley-deposits which it 
is impoBs^le to ascribe either to the one agency or to tjve 
eiher ; and idl th«t the geologist can do, is merely to des(»*ibe 
tiie compodtion a&d the nature of the oiganic remains which 
may be imbedded Hiereia. Of these accismulstioas, many are of 
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tfreat aatiqii]t]r» oxkd eontam tx^es of the mammoth, elk, deer, 
borse, ox, hear, wiM hoar, wol^ and ether animals now extinct 
in the regions where their relics art fotmd ; others are still in 
l^rogress, coBoectutg the present with the past ; while some are 
now far vemoTed from the agencies hy which they were 
fimned — tiie rivers having sh^ted their diamiels to give hirdi 
io Bewer formatione. 



DELIAS AND ESTUABT DBPOSIIS. 

277. <if modern dqtdsHsy those firmed m estuaries are the 
most perpleaing to tiie geologist^ on aooonnt of the numerous and 
ti&^L opposite agencies oencemed in thwir production. The 
prevailmg agent is the river ai whose moutn they are accu- 
mulated ; aai this hringa down mnd, sand, srravel, v^etahle 
debris, and tite remains of terrestrial animal»— during quiet 
periods ibe most impalpable siH, diBiDg imuiidations tl^ most 
AeterogeaeoQS mixture. Frather, the deltas of rivers sub- 
jected to periodkal inondatiflDS coastitate, durmg the dry sea- 
ion, low sat tncts full of swamps, kgoons, and nmd island^ 
which nouridi the ra&kest jungle growth, gigantic reptiles 
and amphibia, beds of shells, imd shoals of Mies. Inirmg 
the wet season many of these plants and animals are swe^ 
seaward, or buried in «tto, hy the deMs brooght down by the 
onrrent. Again, the sea acts ]& most of these estuaries, running 
island from ten to a hundred miles, and consequently depositing 
Boarme detritus and imodne oj^ganisms amid those of a terrestrial 
md fresh-water character. The student cannot therefore fail 
to perceive how very complex tbe nature of such deposits must 
he, and how necessary it is to exercise caution in pronouncing 
what agent or agents weie coooenied in the formation of any- 
individual layer. As in modem estuaries, so in those which 
existed in former times, and t^us the difficulty arises with 
reepect to the alteenation of marine and freedi- water strata 
kk tertiary basins, the mipgliiig of fresh- water with marine 
m^ganisms in the wealden, and tne complication of terrestriaL 
fresh- water, and marine prodncts among the rocks of the coal 
measures. Bearing these fiicts in mind, and carefully studying 
the formation of modem estuary deposits^ the geologist is 
fur^ared to aoeonnt for appearances in the older systems of 
strata^ which wovld odierwise remain unsolved. 

27^ Estuary depomts may be said to consist of irregular 
lasers of mud, cky, sand, gravel, and vegetable debris, inter- 
mingled with ozgaaisms of terrestrial, fresh-water, and marine 
origm. When accumulated to such on extent as to constitute 
dry landy they fona rich alluvial tracts of a level and uniform 
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appearance, decidedly prejudical to health, hut favourable 
to the growth of the cultivated vegetables. In inland and 
non-tidal seas, as the Mediterranean, Gulf of Venice, and 
Baltic, the agency of the rivers prevails, forming deltas and 
sho^s which gradually encroach upon the limits of the seas ; 
but in tidal waters oceanic agencies are also at work, either 
assisting in the accumulation of estuary silt, or distributing 
the debris brought down by rivers over areas far removed 
from their embouchures. The accumulations of this kind 
now forming are almost as numerous as the streams which 
enter the sea; but the notice of some of the more exten- 
sive is all that the limits of this treatise will allow. And 
here the student should bear in mind one essential difference! 
between the older formations and those of crusting estuaries ; 
namely, that among the former a great uniformity prevails, 
not only in mineral composition, but in the kind of organic 
remains which they contain, thus evincing a uniformity of 
climate and other terrestrial conditions; while among the 
latter scarcely two deposits present one feature in common. 
The Ganges, for example, bears down to its delta the spoils of 
the tropics — palms, canes, tree-ferns, bones of elephsmts, lion% 
and tigers ; the Nile the scanty aquatic plants of Egypt and 
bones of the crocodile, the camel, and other domestic animals ; 
the Niger the hippopotamus, rhinoceros, and camelopard of 
Central Africa ; and the Mississippi the pines, buffaloes, elks, 
and deer of North America. In subsequent ages, should these 
deposits be elevated into dry land, nothing could be more 
dissimilar than their organic remains, and yet we know that 
they belong to one common period of formation. 

279. The most extensive deposits of this class are those of the 
Mississippi and Amazon in America, the Po and Rhone in 
Europe, the Niger and Nile in Africa, and the Ganges and 
rivers of the Yellow Sea in Asia. The delta of the Mississippi 
is partly of oceanic and partly of fluviatile origin, and consists 
of alternations of blue and reddish clays with vast rafts of 
buried wood, and remains of the buffalo, elk, deer, ja^ar, 
wolf, fox, and other animals peculiar to northern regions. 
The plain of the river is from thirty to fifty miles broad, but 
near the sea it widens to treble that breadth. The whole of 
this valley, extending for hundreds of miles inland, consists of 
recent alluvium, which the river is perpetually shifting and 
re-depositing. The most characteristic feature in the deposit is 
the rafts of drift-trees brought down every spring, and which, 
according to Captain Hall, are matted together into a net- 
work many yards in thickness, and stretchmg over hundreds 
of square leagues. Respecting the material deposited near the 
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mouth of the Amazon^ we have less particular information ; 
but it is stated by Captain Sabine, that its sediment dis- 
colours the waters of the ocean three hundred miles oflF shore. 
This sediment is constantly carried to the north-west as far 
as the mouth of the Orinocco, and thus an immense tract of 
swamp is formed along the coast of Guiana, with a long range 
of muddy shoals bordering the marshes — ^the whole being 
gradually converted into dry land. Although on a less gigantic 
scale, the deltoid deposits of Europe have, even within a very- 
recent period, made considerable accessions to the land. During 
the last thousand years, that of the Ehone has gained upon 
the Mediterranean from four to six miles. " Notre Dame des 
torts," says Mr Lyell, " was a harbour in 898, but is now a 
league from the shore ; Psalmodi was an island in 815, and is 
now two leagues from the sea ; and the Tower of Tignaux, 
erected on the shore sG^late as 1737, is already a Frencn mile 
fiom it.'* At the head of the Adriatic, the Po and other 
streams have borne down so much sediment, that *' from the 
northernmost point of the Gulf of Trieste down to the south of 
Bavenna, there is an uninterrupted series of recent accessions 
of land more than one hundred miles in length, which, within 
t;he last two thousand years, have increased from ten to twenty 
miles in breadth," 

280. Turning to Africa: lower Egypt is the gift of the Nile; 
and Herodotus estimates the sediments borne down by this 
river to be so abundant, that if diverted into the Red Sea, 
they would fill it up in ten thousand years. The Nile still 
transports its annual burden of debris, but the seaward growth 
of the delta is prevented by littoral currents, which sweep it 
onward to other parts of the Mediterranean. The Niger pre- 
sents one of the best examples of modem deltoid deposits, and 
afibrds the geologist much insight as to the manner in which 
terrestrial, fresh-water, and marine remains become imbedded 
in the. same formation. This delta, as yet so imperfectly exa- 
mined, ranges along the coast for more than two hundred 
miles, having a beach of sea-sand slightly elevated above ity 
general level. Behind this beach, stretching inland for more 
than one hundred and fifty miles, there extend vast expanses 
of swamp, mangrove-jungle, and mud islands, intersected by 
creeks, lagoons, and brancnes of the river. Over this expanse 
(annually inundated for several months) deposits of sand, clajr, 
silt, and mud are constantly taking place, burying withm 
them the remains of rhinoceroses, hippopotami, crocodiles, &c. 
which inhabit the jungle, terrestrial animals which the current 
transpoi-ts from the high country, and myriads of shell-fish 
and other aquatic races which abound in the lagoons. Here, 



y Google 



174 €»OfiQ«T. 

th^ we have ial4i- water ageneiecr pfeyailmg^ Ibar many leagrres 
inland during th« drj season ; gigantk amphibia at all seasons ; 
aheU-beds and formatirais of wari in the lagoons; terrestrial 
animals from inland ; jungles and morasses to form lignite ; 
and sand, mud^ and grayel to form sandstone and shale. Should 
a period, theielbre, eyer arrive when the delta of the Niger 
shall become habitable dry land, appearances will present 
themselvea perfectly analcgoue to the t^iary jbrmation, and 
one by whick a flood of l§<ht is thrown upon the formation 
of tl^ eoal measures. 

281. The delta of the Ckmge^^ according to Major Rennel, ia 
considerably more than double that of the Kile, oecupyk^ not 
less than an area of 44,000 square miles» That portion of it 
which Ix^rders on the sea is composed of a labyrinth of riyera 
and creeks, all filled with salt-water, except those immediatebr 
communicating with the principal branch of the river. Thn- 
traet alone, known bjr the name of the Sunderbunds, is equal 
to the whole principality of Wales; but from its recent 
alluvial character, is subject to numerous shifbings, though 
ultijuatdly settling down and shoaling up the Bay of Bengal. 
The quantity of sand and mud brought down by the Ganges 
is so great, that the sea only recovers its transparency at the 
distance of sixty miles from the coast ; thus not only adding- 
new material to the shoak and i^ands of the Sunderbunds, but 
forming inunense tracts ef submarine strata at various depths 
from foiiff to^ seventy ftubhoms. As Egypt is said to be '* the 
gift of the Nile," so may the great plain of China be consid^vd 
as the gift of the Hotm^HfUf the Kiang^Ko&y and their tribu- 
taries. The same agencies winch formed the habitable plains 
are still at work, gradually shoaUi^ up the Yellow Sea, and 
converting its basin into stdid land. Navigators spe£^ &i their 
keels ploug^iing up the fine impalpable sediment at a distance 
oi aas. and e%ht kagites off shore, along which a pevceptible 
increase is taking place every year. ^ Creorge Staunton 
infors, from oertaiii exp^ments, that the Hoang-Ho contauMr 
(tte part of sediment m every two hundred ; and estimatmg^ 
the average depth of the Yellow Sea tor be (me hundred and 
twenty feet^ calculates that this riv^ by its^ is capable of 
converting an English square mile into solid land m the course 
of seventy day& 

282. From the ecmmpks oioen, ^e student will perceive that 
estuary deposits — ^that is, deltas or deposits taking place at tl^ 
mouths of rivers — are among 1^ most important in modifyii^ 
the present configuration <^ hmd and sea ; that they constitute 
the connecting Imk between formations now in progress and 
those of distemt eras ; and present appearances whicn enable 
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the geologist to infer as to the iBanner in which the greater 
portion of the strati&ed systems were deposited. Their oraank 
remains are numerous ; are partially fossilised, or diffor little 
from recent wood, hones, and shells ; and aU helong to Tege* 
tables and animals which have been placed upon the earth 
since the commencement of the present geological era. Where 
tidal influences prevail,, these remains are chiefly marine; 
where river inundations predominate, they are firesb-water and 
terrestrial ; while others, aa beds of oysten^ &c. aore of true 
estuary origin. 

UkCUSflBUXZ^ GBLJaMJO^ sbposxx&l 

283. By laeuatrtne deposits are meatU those acewnuiation^ 
which have been collected in fresh-water lakes since the presenl 
order of thinfi;s was establi^ed. Lookii^ back to certiua 
coal-flelds, and to the fresh- water beds of the wealden aad 
tertiary strata, we have almost evidence sufficient to justify 
the conclusion, that these beds must have been formed in 
lakes, or at least in estuaries where q^uiet fresh-water influ- 
ences greatly predominated. Indeed it is impossible to c<»i- 
ceive of a condition of the world without inland hkea, 
morasses, and swamps, in which aquatic races flourished, shell 
marl was formed, and peat-moss accumulated. But the bouifr* 
daries of those ancient lacustrine depoats are now obliterated ; 
and all that the geologist can do is, to judge of the aumner of 
their accumulation, and the nature of their contents, by com- 
paring them with similar deposits now occupying the sur&ce 
of the earth, or still in progress of formation. 

'284. Modem lake deposits consist of clay-silt^ sand, gravel, 
rolled pebbles, beds of marl, and accumulatioBB of peat-moai;. 
Generally situated in plains or hollows, surrounded by hiUs, a 
lake receives the waters and debris of several streams, and ita 
quiet expanse performing the office of a great settlhig pool, 
tne debns falls down as sediment, and the waters paes off by 
one outlet purged of all their impurities. This sedkneat,, 
collecting at the mouths of the streams, forms little ddltasy 
which gradually push themselves forward into the lake ; 
aquatic plants soon spring up on their surface, whose annual 
growth and decay constitute oeds of peat ; fresh-water shell- 
fish and the calcareous debris of the springs and streams collect 
in certain localities as marl ; and these various formationa 
repeated and continued, in process of time shoal up the lahe^ 
which forms a flat aUuviat tract, swampy at first, but soon 
acquiring firmness and dryness for the purposes of cultiva- 
tion. Suted-up lakes are rife in this country as well as in 
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other parts of the world ; they occupy the central and widet 
parts of our dales and valleys; and though all supergeial 
evidences of the lake be obliterated, the regular manner in 
which the materials are distributed serve readily to distinguish 
lacustrine from fluviatile silt. Respecting the extent of sur- 
face occupied by lake deposits, it is impossible as yet to form 
an accurate estimate, though it is evident that the soil of most 
inland valleys, both in this and in other countries, is com- 
posed of it. The prairies of North America, the pampas of 
South America, and the steppes of Europe and Asia, are 
regarded by many as the sites of lakes now drained or silted 
up ; and, considering their relation to existing rivers and valleys 
of drainage, there is ample foundation for the opinion. Con- 
siderable tracts of alluvial land are still in progress of forma- 
tion along the borders of most modem lakes, whose sites, 
under the double process of silting up and drainage, are evi- 
dently destined to become alluvial plains like those to which 
we have adverted. By drainage is meant that tendency which 
rivers issuing from lakes have to deepen their channels, and 
thereby not only to lower the level of their parent waters, but 
also to render them, from their shallowness, more liable to be 
choked up by aquatic vegetation. 

285. Cf the various substances composing lake deposits, marl is 
the only one whose formation deserves particular notice. This 
substance may be looked upon as the limestone of the superficial 
accumulations, just as the chalk, oolite, lias, zechstein, moun- 
tain limestone, and comstone, were the calcareous beds of their 
respective formations. It occurs in various states of purity, 
from a marly clay, which will scarcely effervesce' with acids, 
to a shell-marl containing from 80 to 90 per cent, of lime. 
Marl-clay^ for instance, occurs as a whitish friable clay with 
an admixture of lime, and sometimes also of magnesian earth ; 
the term clay-marl is applied when the calcareous matter 
prevails over the clay ; shell-marl is almost wholly composed 
of lime and fresh-water shells, with a trace of clay or other 
earthy matter, and, where solidified by chemical aggres^ation, 
is known as rock-marl. With respect to the origin of these 
marls there are various opinions, though it la generally ad- 
mitted that they are derived partly from calcareous springs 
which enter the lakes, and partly from the shells and secre- 
tions of the fresh- water molluscs which inhabit them. What 
tends to confirm this opinion is the fact, that marl-clay and 
olay-marl are found chiefly among the deposits of ancient or 
modem lakes situated in limestone districts where calcareous 
springs abound ; and that shell-marl is often almost wholly 
composed of the exuvis of molluscs, many genera of which 
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are still inhabiting the same lakes and marshes in which the 
deposit is found. Marl occurs irregularly interstratified with 
day-silt, peat-moss, or gravel, and is dug for agricultural 
purposes in many of the ancient lake-sites and alluvial valleys 
of Britain. 

286. The organic remains found in lacustrine deposits are 
chiefly fresh- water sheUsy such as limnsea, planorbis, paludina, 
cyclas, mya, cypris, ancylus, &c. ; bones, horns, and other 
portions of mammalia, as the stag, elk, deer, ox, horse, bear, 
fox, beaver; detached skeletons of. birds; and drift or sub- 
merged plants, of which oaks, pines, birches, hazels, reeds, 
rushes, and other vegetation commonly found in peat-n^osses, 
are the most abundant. Human skeletons are occasionally 
met with ; and canoes, stone battle-axes, &c. of great anti- 
quity have been dug up from the silt of Loch Doon in Ayr, 
as well as from the shell-marl of Kinnordy Loch in For- 
farshire. All of these remains, whether plants or animals, 
belong to races now existing upon the globe, although some 

fenera (as the elk, wild-boar, and beaver in Britain) may 
ave become extinct in the regions where their exuvise are 
found. 

EXPLANATORY MOTE. 

Embouchure — a term adopted from the French, signifying the 
mouth of a river, or rather that area over which its current spreads 
as it enters any sea or lake. 

Freshets, or land-floods, are sudden risings of rivers, by which 
Uiey inundate their banks, and carry destruction before thenu The 
term debacle (from the French debadery to unbar) is often used instead ; 
but more properly means a rush of water, breaking down all opposing 
barriers, and carrying away and dispersing fragments of roc^ and 
other debris. 

Valleys op erosion are those which have been formed by the 
abrading power of water. Rivers having a rapid descent gradually 
deepen their channels ; year after year tlieir banks are undermined, 
and fall into the current, until they have acquired a slope sufficiently 
gentle to render them stable ; but this stability is only temporary, for 
the deepening of the channel ^oes forward, causing the bank to assume 
a still more gentle 'Islope, till m time a valley of considerable width is 
formed. Such are termed valleys of erosion, in contradistinction to those 
produced by the silting up of chains of lakes, called yZorf valleys, to those 
caused by subterranean sinkings, called vaUeys of d^ession, or to those 
originally formed by rents And/issures resulting from eartliquakes. 

Lagoon (Lat., lacuna, a morass) — a term originally applied to those 
creeks and pools which abound along the coast of the upper Adriatic ; 
but now employed to designate all similar collections of water, in 
whatever region they occur. Lagoons are sometimes of considerable 
depth ^those enclosed by circular coral islands) ; but generally they 
MS9 SO sballow (those of deltas) as to emit noxious exhalations. 

M 
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SfBFPBS— the RtiflBiiii name given to the vast syitem of plain* 
yeouliar to Northern Aak^ It is synonymous with the prairies ok 
aavannahs oi North America ; and the joamvas or xHanos of SoAth 
America. These plains are variouslv classified, according to the levels 
undulating, or swampy character of the surllEice, the kind of vegetartioil 
they produce, and other obvious appearances. 



SUPERFICIAL ACCUMULATIONS— CONTINXTEIX 

CHSMICAL AND HlIfBRlL DEPOSnS. 

287. Under ihiB head are eomprehended all those superficial 
acoumulatkms of mineTal, scdine, or bituminous matter arising 
from the action of sf^ings, evaporisation, sablimaUon, or other 
natural ehemiocd processes. Such products are extremely 
numerous ; but only a few of them exert a perceptible influ- 
ence in modifying the crust of the globe. Calc-tuff and eah^ 
sinter are deposited by calcareous springs after the manner 
described in par. 58. The former, as the name tuff or tuf^ 
implies, is a porous vesicular mass, soft vrhen first deposited, but 
becoming h^d on exposure to the air, so as to resemble marble 
or alabaster. It is generally of a yellovrish-vrhite, and en- 
closes moss, twigs, shells, fragments of bones, and other debris 
that may be brought vnthin reach of the spring by which it is 
deposited. The latter, firom the German word sintem, to drop, 
or from sinter, a scale, is more compact and crystalline, and has 
a concretionary structure, owing to the successive films which 
are daily added to the mass. Both are found around the 
sources and edges of calcaiieous springs, sometimes f^readinfi^. 
to a considerable extent, and not imirequently investmg high 
cliflfe with a crust of unrivalled splendour. Stalactite and 
stalagmite are kindred productions, DOth being produced in 
calcareous caverns by tne dropping or oozing of water. The 
former (Gr., stalaktis, anything T^iich drops) are those pen- 
dents of carbonate of lime which hang firom the roofs of 
caverns like icicles ; they are formed by the slow dropping of 
calcareous water. The latter (Gr., staHagma^ a drop), on the 
other hand, ar^ the crusts and .protuberances produced on the 
floors of such caverns. Sometimes the stalactites and stalag- 
mites meet, forming pillars and arches which seem to support 
the roof. Caverns adorned in this manner occur in Derby- 
shire, in the islands of Pares and Antiparos, and in other parts 
of the world, and have been described by travellers in the 
most fascinating terms. Tavertine (a corruption of the word 
Tiburtinus) is another calcareous incrustation, deposited by 
water holding carbonate of lime in solution. It is abundantly 
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fbnned by the river Anio at Tibnr, near Rome, at San Y^^* 
none in Tuscany, and m other parts of Italy. It collects with 
great rapidity, and becomes sufficiently compact in a few 
years to form an excell«it building stone. *' A nard stratum," 
says Mr Lyell, *^ about a foot inthicknesa, is obtained from the 
waters of San Filippo in four months ; and as the springs are 
powerful, and almost uniform in the quantity given out, we 
are at no loss to comprehend the mc^itude of the mass which 
descends the hill, which is a mile and a quarter in length, and 
the third of a mile in breadth, in some {jlaces attaininc^ a 
thickness of 250 feet. To what length it might have reached 
it is impossible to conjecture, as it is cut off by a stream which 
carries the remainder of the calcareous matter to the sea." 
Tavertine is a light, porous, or concretionary rock, well 
adapted for arches and other structures where weight is objec- 
tionable ; it is for this reason that it has been used in iht 
construction of the cupola of St Peters. 

288. SUiciaus and aluminous deposita derived from springs 
are of very limited extent — ^Uiose produced by the Iceland 
geysers, and the thermal waiJen of the Azores, being the only 
examples deserving of notice. According to Dr Webster, the 
hot springs of the Yalle das Furnas, in the island of St Michae^ 
rises through volcanic rocks, and precipitates considerable 
quantities of silicious sinter. Around the circular basin of the 
largest mring there are seen alternate layers of coarse sinter 
mixed with clay, including passes, ferns, reeds, &c. in diffe- 
rent states of petrifacti(m. Wherever the water has flowed, 
sinter is found rising eight or ten inches above the ordinary 
level of the stream. The herbage and leaves are more or less 
incrusted with silex, and exhibit all the successive stages ot 
petrifaction, from the soft state to a complete conversion into 
stone ; but in some instances alumina is the mineralising 
material. Fragments of wood, and one entire bed, from three 
to five feet in depth, composed of reeds common to the island, 
have become wholly silicified ; and a breccia is also in act of 
formation, composed of obsidian, scorite, and pumice, cemented 
by silicious sinter. The same kind of ^pearanoes are pro- 
duced by the geysers of Iceland and several other thermal 
waters. Where alumina and silica are held in solution by the 
same spring, the deposit produces an admixture called tripoli. 
so named from Tripoli in Barbary, where a similar compound 
of silica, alumina, and oxide <^ iron is abundantly obtained for 
polishing purposes. All the varieties of tripoli do not seem, 
however, to be derived from the same source ; for Ehrenberg has 
found the flinty portion of several varieties to be composed oi 
the silicious coverli^ of animalcules. The &ct of hot springs 
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holding silica in solution, its converting organic matter int6 
flint, and forming layers of tripoli and sinter, is of high im- 
portance to the geologist, as it furnishes him with data to 
reason respecting the origin of the chalk-flints, the occur- 
rence of layers and nodules of chert in limestone, and other 
appearances among the older stratified systems. 

289. Bituminous exudations — that is, springs of naphtha^ 
petroleum, &c. — are very ahundant in some countries, forming" 
pools of fluid pitch and consolidated masses of asphalte, and 
impregnating layers of sand, clay, &c. so as to render theni 
inflammable. Naphtha, the most limpid of the bitumens, U 
found exuding from the earth upon the shores of the Caspian 
and some other Eastern countries. Near the village of Amiano, 
in the state of Parma, there exists a spring which yields this 
substance in sufficient quantity to illuminate the city of 
Genoa, for which pui-pose it is employed. It is generally of a 
yellow colour, and is readily distinguished from other bitu- 
mens by its peculiar odour. Springs of petroleum, or rock oil, 
are found in Modena, Parma, Sicily, and other parts of 
Europe, in Syria and Persia, in the Burman empire, in Texas, 
and in Barbadoes, whence the appellation Barhadoes tar. It 
is a brown thickish liquid, and in this state readily mingles 
with loose rocky substances, so as to render their mass bitu- 
minous. On exposure to the air it becomes viscous or slaggy, 
and then constitutes mineral pitch, of which the lake of Tri- 
nidad, and that of Jeff^erson county, Texas, are well-known 
accumulations. Asphalte differs from mineral pitch in being 
80 much consolidated as to be rendered brittle. It is found on 
the surface and banks of the Dead Sea, in Trinidad, Barbadoes, 
and other localities. It is supposed that these products are 
sublimed or distilled from bituminous rocks in the solid crust 
by the power of subterranean heat, and gradually make their 
w-ay through chinks and fissures to the surface. Whatever be 
the source from which they are produced, the manner in 
which they mingle with tne layera now forming in the 
bottoms of lakes and seas, furnishes the geologist with ana- 
logies which may aid him in accounting for the occurrence of 
bituminous strata in which no traces of vegetation can be 
detected. 

290. The economical uses of the bitumens are too well known 
to require much detail. Asphalte was extensively used by the 
ancients as a cement ; hence the name, which is derived from 
the Greek, a, not, and sphallo, I slip — that is, something to 
stick together with, or prevent from slipping. It is now used 
extensively in the manufacture of materials for roofs, lining 
for water-cisterns^ foot-pavements, &c. Distilled naphtha is 
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extensive! V employed as a solvent for caoutchouc, and is also 
oceasionalfy used as a substitute for oil in lamps. 

PEAT-MOSSES — JUNGLE — VEGETABLE DRIFT. 

291. Modern vegetable formations are commonly distin- 
guished as subterranean forests, peat-mosses, jungle, and vege- 
wble drift, though it must be evident that in many cases no 
real distinction can be drawn between them. Submarine 
forests have been already noticed (par. 265) as evidences of 
ten'estrial submergence ; subterranean forests are those accu- 
mulations of trunks, branches, and roots which occur inland, 
apparently produced by the inundation and subsequent silting 
up of low-lying tracts, in which trees flourished abundantly. 
But as the subsequent silt is most abundantly composed of 
aquatic and other peat-forming plants, subterranean forests 
and peat-mosses may be regarded as depending upon the same 
agency for their production. It must be remembered, how- 
ever, that peat-bogs and mosses of very great extent are to 
be found in northern countries entirely destitute of trees, 
having been formed by tlie annual growth and decay of the 
sphagnum palustre and other marshy vegetation. With re- 
spect to the amount of vegetable matter derived from tro- 
pical /wn^/e*, no accurate information has yet been obtained, 
though analogy would warrant the conclusion that the result 
is too important to be overlooked by geologists. * The same 
may be said of vegetable drift, of which the rafts of the Mis- 
sissippi, already adverted to, afford a striking example. It is 
therefore to subten^nean forests and peat-mosses that the at- 
tention of the student is chiefly directed, these being by far the 
most extensive of modern vegetable formations. 

292. Subterranean forests are found in estuaries now silted 
up, in ancient lakes, and under ordinary peat-bogs. When 
they occur in estuaries or in low. alluvial lands adjoining the 
sea, they would seem to have been drifted from inland by 
river inundations ; for most of the trunks and branches lie in 
such a position as to forbid the supposition that they grew in 
these situations. " A very interesting case of this kind," says 
Professor Phillips, " was exhibited some, years ago by the 
deep cutting of a canal connected with the Aire and Calder 
navigation. At a depth of twelve feet from the surface of the 
flne alluvial sediment, here occupying the broad valley of the 
Aire, a quantity of hazel bushes, roots, and nuts, with some 
mosses, tresh- water shells, and bones of the stag, were met 
with. In some parts of the superjacent sediments an English 
<join was found, and oars of a boat were dug up. Where a 
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Utile water entered this peaty and dielly d^>06it from the ttd^ 
jacent upper magnesian limestone, it produced in the wood a 
singular petrifaction ; for the external bark and wood wex% 
converted into carbonate of lime, in which the vegetable struc- 
ture was perfectly preserved. In like manner some of the 
nuts were altered ; the shell and the membranes lining it 
were unchanged ; but the kernel was converted into carbonate 
of lime, not crystallised, but retaining the peculiar tenure oif 
ihe recent fruit. In this particular case no reasonable doubt 
can exist that the peaty deposit, full of land mosses, hasel 
bushes, and fresh- water shells, was water-moved, asiA ooT«red 
up by fine sedimaits from the river and the tide." As yntk 
the example now quoted, so with numerous accumulationB of 
trunks, roots, and branches of trees foimd in silted^p estuarisB 
and in heads of bays both along our own coasts, the shores of 
the Baltic, and other sea-boards. Most of them have evidently 
been drifted thither by rivers and tidal influences, although 
forests in some low tracts may have been overthrown and 
buried by inundations of the sea. When subterranean forests 
occur beneath lake deposits, or under ordinary peat-bogs, 
they point to causes by which the draini^ of low woody- 
valleys has been choked up, and their surraces covered with 
water, so as to destroy the trees, and bury them by subse- 
quent accumulations of silt and peat-growth. 

298. Peat — or turfy as it is often called^ie a natural aceumukh' 
tion of vegetable mattery varying in age from last year's growth 
to that which was formed several tm)usand years ago, ai^ in 
appearance from a loose fibrous mass of a brown colour to a 
dark and compact substance resembling lignite or brown coal. 
It is forming in all marshes by the annual decay of aquatk 
vegetation, and is encroadmig upon shallow lakes bv a simOar 
process; The plants which enter most abundantly into its 
composition are the sphagnum palustre, or ** peat-plant," a 
number of mosses, rushes, ree^, and oUier numi-loving 
tribes, crowned in some situations by heather, to whose anti- 
septic properties De Luc ascribes the conservation and accu- 
mulation of the other vegetable substances. Formations of 
peat have been variously Sassified : thus, common peaty com- 
posed of the stem, leaves, and roots of marsh plants ; vioo^ 
peat, derived from the branches, leaves, trunks, and roots of 
trees ; peat-turf, the heathy turf which covers mooiiand dis- 
tricts ; hill-peaty when formed on the sides of declivities ; and 
peat-log, when it accumulates in hollow places, or on fiat 
marshy surfaces. Whatever distinctions may be made, the 
main facte connected with thenr formation are the same — they 
are individually the result of decomposed vegetation aocumu- 
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latod under certain conditions and in particular localities. 
They are to be met with in almost all temperate and cold 
moiet countries^ whether in the northern or southern hemi*- 
•phere. They occur abundantly in Scotland and England^ 
and constitute a large proportion of the surface of Ireland, 
They occupy vast tracts in the Netherlands, Germfuiy, and 
Russia, as well as m North America and Canada^ and are to 
be found in insular regions, as Shetland, Iceland, and the 
Falkland Islands. Of uie absolute sur&ce occupied by peat^ 
we have no accurate estimate ; but some idea of the geological 
importance of the formation may be formed from the fact, that 
one of the mosses on the Shannon is fifty miles lone, and from 
two to three in breadth, while the great marsh of Montoire, 
near the mouth of the Loire, is not less than fifty leagues in 
circumference. Some of the Scottish mosses have been dug 
for foel to the depth of twenty feet, and many in Ireland are 
reckoned at twice that thickness. It must be borne in mind^ 
however, that nearly one half of the bulk is made up of water, 
and that the mass can be reduced by compression to less than 
a fifth of its original thickness. 

294. The formation of peat, as has been stated, is confined 
to moist situations, where the temperature is low, and where 
vegetables may decompose without putrifying. It is thus 
found in swamps, and on declivities where springs abound, 
almost entirely composed of marsh plants; in the sites of 
ancient lakes, covermg layers of gravel, marl, silt, &c. and 
mingled with earthy impurities ; or in low tracts whose 
drainage has been choked, burying, and in part formed of, 
the trunks and branches of trees which flourished upon those 
spots previous to their inundation. It increases with astonish- 
ing iapidit}r, instances having been known where fifteen 
inches m thickness had been formed in twenty years. Being 
light and spongy, fully half its bulk is composed of water, and 
this retentive quality enables new races of plants to flourish 
lon^ after the sur&ce of the moss has been raised above the 
dramage-level of the flat in which it occurs. When the mass 
has sufliciently accumulated to change its character from 
that of a shaking morass to a firm peat-bed, the marsh plants 
die out, and are succeeded by heath and other vegetation, 
which carry on the process of accumulation at a less rapid but 
still perceptible rate. Such is the ordinary mode of peat-, 
growth, concerning which there can be no diflference of opi- 
nion, for many of the accumulations are still in progress ; but 
respecting those collections of trees which are often found 
buried in the mass, geologists are far from being agreed. From 
the varied situations in which such collections occur, as well 
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as from the difi^rent positions in which the trunks are found 
in the mass, it is evident that different agencies have been at 
work in their aggregation. In river valleys, the trees some^ 
times appear to have been drifted, and subsequently silted 
up and covered by peat-growth ; in general, however, they 
have evidently grown where they occur, and been prostrated 
either by natural or artificial causes. If, for example, the 
drainage of a wooded valley were obstructed, so as to render 
the soil wet and swampy, the further growth of the forert^ 
would be checked ; the trees, deprived of their firm anchor- 
age in the ground, would be easily overturned by winds; 
and as they were prostrated, grasses, reeds, and marsh plants 
would spring up through their branches, and grow rank 
upon the nourishment afforded by their decay. This nrostra- 
tion of trunks and matting of 'vegetation would further ob- 
struct the drainage of the waters, so that in process of time 
the whole of the trees would be overturned, and the valley 
converted into a swampy morass. In such a morass peat 
plants would luxuriate till, by their own growth and decay, 
they reached a height beyond that of the drainage-level, when 
their accumulation would cease, and a peat-moss be completed 
perfectly analogous to many of those in Ireland and Scotland. 
The same result would follow whether the trees were pro* 
strated by natural or artificial causes; and there is evidence 
aflbrded by the trunks in many localities that they were felled 
hy man at no very distant era. In the peat of Hatfield Chace, 
for instance, Roman coins and axes have been found, some of 
the latter still fixed in the wood ; a medal of Gordian was found 
thirty feet deep in peat at Groningen ; and De Luc has ascer- 
tained that the very site of the aboriginal forests of Hercinla, 
Senaar, Ardennes, &c. are now occupied by mosses and fens — 
a result chiefly brought about by the Emperor Severus, who 
ordered allthe wood in the conquered provinces to be de- 
stroyed. From these facts, the student will perceive how 
necessary it is to examine the mode in which the trunks occur, 
before the geologist can venture to pronounce as to their col- 
lection. If the trees are cut and hewn, man must have been 
concerned in their prostration; if they are merely broken 
over, or still attached to their roots, natural causes alone have 
been at work. In general, the smaller branches have decayed, 
leaving the trunk and larger limbs, with fragments of the 
bark and the root, in good preservation. The trees are prin- 
cipally oak, fir, yew, hazel, birch, ash, and willow ; they 
lie prostrated most abundantly towards the east and north- 
east ; and are often of very gigantic dimensions. The greater 
number seem to have undergone considerable decompoiution 
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Iwibre they were fully enveloped in peat-growth; showing 
eleariy that though the whole face of a country were covered 
hy prostrated forests, it would only he in marahes and peat- 
forming hollows that the trunks could he preserved from utter 
decay. ' 

295. Respecting the antiquity of peat-mosses^ we can form a 
tolerably correct idea from the nature of their imbedded 
fossils. The most ancient have been formed since the sea 
and land received their present configuration, and since 
the latter was peopled by those animals which now inhabit 
it; for from none have we well authenticated specimens of 
greater antiquity than the existing elk, deer, wild ox, buiFalo, 
ae. Indeed the greater proportion of European morasses are 
of comparatively recent formation, yielding the canoes and 
skeletons of the hair-clothed aborigines — the coins, axes, and 
other implements of their Roman invaders — ^the bones and 
horns of the elk, deer, ox, and other animals with which we 
are still familiar. Many have even been formed, as it were, but 
yesterday ; for we learn that the overthrow of a forest by a 
storm about the middle of the seventeenth century gave rise 
to a peat-moss near Lochbroom in Ross- shire, where, in less 
than half a century after the fall of the trees, the inhabitants 
dug peat. Whatever be their relative antiquity, they are all 
possessed of great interest, from the evidence which they 
afford of the rapid accumulation of vegetable growth, and 
from the perfect manner in which their tannin or antiseptic 
principles have preserved the remains of man and the lower 
animals. We cannot look upon the vast collection of trees 
which they contain, without being reminded of a period when 
Britain was clothed with gigantic forests ; on the rude stone 
hatchets, canoes, and skeletons of men clad in skins, without 
reverting to the condition of our earlier ancestors ; or on the 
coins, arms, and other implements of the Romans, without 
associating therewith the means by which a rude and bar- 
barous country was reclaimed to culture and civilisation. 

296. The economical applications of peat constitute one of its 
most important features. Cut in rectangular pieces, and dried 
by the heat of summer, it forms in many districts the prin- 
cipal fuel, not only for domestic use, but for burning lime, 
heating com and malt kilns, distilling alcohol, &c. To facili- 
tate the process of drying, the water is sometimes pressed out 
of the square pieces by a compressing machine, which also 
renders tne material more compact and durable in the fire. 
Peat is occasionally charred by a smothered combustion, 
which makes it a more suitable substitute for coal or coke in 
the smelting of iron and similar purposes. Attempts have also 
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been made to extract tannin from its masfl, to be used ktstaad 
of oak and lareh bark in the preparation of leather. Deoom^ 
poaed peat forms an excellent manure for certadn soils, and is 
now extensirely employed in modem i^^ulture. 

SHELL-BEDS, CX>BAL-SEEFS, &C. 

297* The anknal aecumulationg of the present dajfy like those 
of former eras, are ohiefly discernible in the exuvise of shalL- 
fish and coral animalcules. It is true that the remains of 
^shesy insects, birds, and mammalia, are constantly being 
entombed in Uie deposits now taking place ; but, in point m 

3u£mtity, these are too insignificant to constitute an indepe&r 
ent stratum. Such remains must not, however, be over- 
looked, as their presence in any deposit will indkate to future 
geologists the condition of the world under which the animate 
lour^ied, just as the fossils of older formations are the 
characters by which we can interpret the conditions of the 
past. Besides the gradual entombment of organisms which 
takes place in the ordinary course of nature, there are extm- 
ordinary causes by which himdreds and thousands of liviBg 
beings are destroyed and buried in common ruin. The deso- 
lation of populous cities by earthquakes, the destruction of 
flocks and herds by similar catastrophes or by river inun- 
dations, the death of shoals of fishes by submarine exhalatUma, 
the drowning of clouds of locusts, and the like, will piesent 
curious appearances in the accumulations in which they ane 
imbedded; and it is necessary that the student should bear 
such possibilities in mind, otherwise he might be unable to 
.account for peculiar aggregations of fossils in older strata. 

298. Shell'bede are accumulations of dead and living shells 
found under the waters or along the shores of existing seas 
and lakes. Dead or drifted shells are strewn ovw certain 
localities in considerable quantities by tidal and oUier cui^ 
rents; fresh- water varieties are found in lakes constitutiog 
beds of marl ; and many gregarious species cover huge tracts 
of the bottom of the ocean. Dead shells are thus mingled 
indiscriminately — ^genera inhabiting widely different localities, 
and of the most opposite character, being found in the same 
mass. A very dmerent arrangement holds with respect to 
Uving shells, particularly with those of a gregarious charact^ 
—as the muscle, cockle, and oyster. These live in beds or 
families, and seem to be governed in their growth and aooo- 
mulation by circumstances of depth, nature of the bottom, 
and food, just as terrestrial animals are regulated by climate 
And other vital conditions. Thus, cockles and muscles delight 
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in tiie muddy bottoms of tidal estuaries, where the latter 
Q&mn form beds of two or three feet in thickness, and several 
miles in extent; while the oyster, at no great depth from 
the sea-shore, covers the bottom for many leagues, to the 
exclusion of all oth^ genera. Should such estuaries ever be 
silted up — and there is ample evidence of like occurrences-^ 
these shells would f(»in strata precisely analogous to those 
beds of shell-limestone which are found among the inferior 
coal measures, the new red sandstone, and other rook forma- 
tions. Such, in £Eict, is the case ; and in many estuary and 
lacustrine deposits shell-beds present themselves partially con- 
verted into marl and limestone ; while in raised beaches they 
invariably constitute the most interesting phenomena. 

299. One distinction between the position of ancient and recent 
shell-beds requires, however, to be specially adverted to. It 
has been ascertained that various genera of mollusoa live at 
different depths, constituting zones of marine life analogous to 
zones of vegetable growth on the side of a mountain. By this 
distribution certain families are littoral, others live at depths 
varying from 100 to 600 feet, while few or any are found in 
1000 leet water. In general terms: testaceous animals are 
regulated in their distribution by depth, by the nature of the 
sea-bottom, and by the influence of submarine currents ; the 
number of families is greatest in shallow waters, padually 
decreases as we descaid, and finally sinks to zero in the depths 
of the ocean. Such an arrangement corresponds with all our 
ideas of vitality : shell-fish can no more subsist imder the pres- 
sure of extreme depth, absence of light and food, than plants 
can flourish in ihe thin cold atmosphere of highly-elevated 
regicms. On examining the crust of the earth, however, strata 
wh<^y and partially composed of shells are found covered by 
many thousand feet of rocks ; but as the animals by which 
the shells were formed could not have existed at such depths, 
we are led to the conclusion that these ^elly beds were formed 
at moderate depths, that the bottom of the sea was subse- 
qu^itly depressed, and received those sediments of which the 
overiying strata are composed. Strata destitute of organisms 
do not therefore prove the non-existence of marine life at the 
time of their formation ; they may have been formed at 
depths so enormous as excluded the mingling of testaceow 
remains with their component materials. 

900. Coral reefs, already adverted to in pars. 85 and 86, are 
d^efly the production of the coral animalcule, and evince, 
by tbieir magnitude and extent, the powers of organic agency 
in modifyiug the form and structure of the earth's crust. Ais 
in the case of the sphagnum palustre and other marsh plcmtiy 
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whose growth and decay went to the formatidn of peat*indss, 
so among corals race after race departs, each. leaving its stpny 
skeleton as a foundation for the operations of succeeding raceo»; 
which are destined to make way in turn for. still . newei^ 
generations. According to Ehrenberg, the coral zoophyte may 
be regarded as a mere secreting membrane, having the power 
of separating calcareous matter from the waters of the ocean, 
wherewith to fashion for itself an internal solid skeleton of 
carbonate of lime. Around and within the radiated pores of this 
framework the animalcule lives and propagates its kind, ex- 
panding itself in the most bnlliant colours during its secreting 
operations, and contracting and withdrawing itself within the 
pores when alarmed by danger. Although often exhibiting 
the most beautiful hues— crimson, blue, and yellow — ^^in th^ir 
native element, the soft parts, when taken froni the sea, become 
nothing more to appearance than a brown slime spread over 
the stony framework. These zoophytes swarm in incredible 

numbers, and are of many 
genera and . sub-genera — 
each species building for 
itself a structure pecu:^ 
liarly fashioned and deuo^ 
rated. According to thek 
forms the various genera 
are commonly determined, 
and thus we have such 
terms as tree, fan, brain, 
star, and organ-pipe coral, 
known to the learned by 
their synonymes — caryo* 
phyllia, meandrina, astrea 
(see fig.), porites, madte^ 
Maas of Astraa viridis; a, a, expanded POra, tubipora, and the 
polypes; 5, 6, polypes withdrawn into their like. As with shell-fish, 
cells; ccBtony mass uncovered by flesh. ^ ^^^j^ ^.Q^al animals; 

they do not inhabit extreme depths, but generally carry on 
their operations along the shores of rocky islands and on the 
tops of submarine ridges not more than one or two hundred 
feet under water. Indeed the principal reef builders are rarely 
found beyond the depth of forty or sixty feet, though solitary 
branching corals have been dredged in fifty and even ^ hnn- 
dred-fathom waier. Generally speaking, it would appear that 
the coral polype has not the power of commencing its struc- 
ture at great depths, but. attaches itself to comparatively 
shallow points within the influence of those conditions favouxw 
able to its development. 
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301. (krctl polypes in active operation are thus described by 
Captain Basil Hall :— " When the tide has left the rock for 
some time dry, it appears to be a compact mass, exceedingly 
hard and rugged ; but as the tide rises, and the waves begin to 
wash over it, the polypi protrude themselves from holes which 
were before invisible. These animals are of a great variety of 
shapes and sizes, and in such prodigious numbers, that in a 
short time the whole surface of the rock appears to be ialive 
and in motion. The most common form is that of a star, with 
arms or tentacula, which are moved about with a rapid motion 
in all directions, probably to catch food. Others are so sluggish 
that they may be mistaken for pieces of the rock, and are 
generally of a dark colour. When the coral is broken about 
high-water mark, it is solid hard stone ; but if any part of it 
be detached at a spot where the tide reaches every day, it is 
found to be full of polypi of different lengths and colours ; 
some being as fine as a thread, of a bright yellow, and some- 
times of a blue colour. The growth of coral appears to cease 
when the worm is no longer exposed to the washing of the sea. 
Thus, a reef rises in the fomi a cauliflower till the top has 
gained the level of the highest tides, above which the animal- 
etiles have no power to advance, and the reef of course no 
longer extends upwards." 

802. The composition and construction of coral reefSy though 
efleoted chiefly by lime-secreting zoophytes, are still owing, in 
a great measure, to the promiscuous aggregation of marine 
debris. As produced by the zoophyte, coral is almost a pure 
carbonate of lime, soft and porous at firat, but gradually 
becoming so hard and compact as to be used in the South- 
Sea islands for building. During its formation,' however, 
it encloses shells, fragments of drift-coral, sea-weeds, star- 
fishes, sea-urchins, drift-wood, and the like ; and these being 
cemented in one mass by the growth of new coral, as well as 
by the infiltration of dissolved carbonate of lime, the rock 
presents a brecciated appearance extremely analogous to some 
older limestones. Where reefs have been upheaved by sub- 
terranean agency, and are now found on the sides of hills 
partially overlaid by volcanic tufa, the coral stone has a sparry 
semi- crystalline aspect, thus presenting the geologist with 
almost every gradation of limestone, from the soft chalk^r mass 
of yesterday's secretion to the compact texture of primary 
marble. 

303. The formation of coral islands is effected in the follow- 
ing manner : — The polypes having attached themselves to the 
rocky bottom — say on the summit of some submarine ridge 
—proceed to build upward and around, till the reef remains 
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almost dry at low- water lerel. Hare they leave off bnildiiig in 
an upwara direction, but siill proceed seaward, mcreaaing the 
breadth of their atruetnre^ and gradfially bringing these addi* 
tions up to the sarface. A continuous mass of calcareous 
matter is now seen, composed jmncipally of coral, but alio 
abundantly of shells, fraffments of crustacaa, and other se*^ 
drift. As the wares bresS: upon the new elevation, firagmente 
are detached and thrown up, shells and coral sand are washied 
upon the reef, and these being cemented together by oaka*- 
reouB matter, fiorm a low ridge exposed to the influences of 
fun, winds, and rains. In this state roits and fissures take 
place in the mass, new fragments are detached by the wsves^ 
and piled still higher; a perpetual rubbing and grinding of 
the fragments produces cdcareous sand, which ia gradually 
drifted upwards and inwards, filling inequalities, and form- 
ic in sheltered recesses a narrow beach. Upon this new teiw 
ritoiy sea-birds alight, nestle, and leave their droppings ; sea^ 
wee^ and other marine drift are added; a scanty soil is 
formed ; seeds are drifted or borne by birds from the adjacoit 
continents ; plants spring up, and in course of years clothe the 
infant idand with vegetation. By this time strayed land- 
birds have made it their home ; insects and reptiles are carried 
thither upon drifted trees, either alive or in the larva or egg 
state ; and lastly, man appears, and takes possession of we 
gradually-increasing soil. Such a mode of formation supposes 
no elevation or submergence of searbottom by volcanic actiom* 
But in the Pacific, where coral reefii are most extei^v^y 
developed, subterranean movements are frequent-~elevating 
in some regions, and depressing in others. Thus, a gradu^ 
elevation would cause not only a more rapid rise of reef, but 
would force the poljrpe to operate continually further sea- 
ward, so that the mass would assume a broad and stratiform 
appearance. A gradual depression, on the other hand, would 
not only lessen tne supermarine extent of the reef, but would 
compel the animalcules to build perpendicularly upwards, 
instead of laterally, as in the case of elevation. From the 
peculiar forms which coral reefe assume, it is more than pro- 
bable tiiat both elevati(ms and depressions are in progress over 
the bottom of the Pacific; of the former, at least, there is 
ample evidaice in ancient reefs occurring inland and at con- 
siderable elevations above the sea. Thus, on the summit of 
the highest mountain of Tahiti, an island composed almost 
^itirely of volcanic rocks, there is a distinct stratum of fo^ 
coral ; and in the Isle of France, a bed ten feet thick occurs 
between two lava currents* 
S(H. The various forms which coral r^ft present are classed 
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bjr Mf Stntclibiny in the following order : — 1. Circular, con- 
nsting of a strip or belt encircling a lagoon, which commu- 
nieates with the main ocean by one or more channels ; 2. Flat, 
eonsisting of a tabular, oval, or irregularly round mass, not 
intersected by channels or lagoons ; 3. Long-narrow, consist- 
ing of long narrow ridges or islands, with cross channels at 
irregular intervals; 4. Encircling high land, but separated 
fiom it by a deep concentric channel, with several openings 
into the main sea. To account for these peculiar configura- 
tions, which are very persistent over the whole of the Pacific, 
various hypotheses have been advanced, all more or less in- 
volving the idea of subterranean movements, to which that 
region is known to be subjected. First, Circular reefs or atolh 
«re supposed to be founded upon submerged volcanoes — ^the 
edges of the crater forming a basis for the coral, and its in- 
terior depth the l^oon. The coral islands of the dangerous 
Archipelago are all of this kind, and consist of circular belts 
from 400 yards to one mile across the ring, which always 
Miclose a lagoon. They are seldom raised more than four or 
six feet above the water ; are abrupt towards the ocean, which 
rapidly deepens to more than 100 fathoms ; vary from two or 
three to 150 miles across ; and are intersected by deep channels, 
which allow a free communication between the ocean and the 
lagoons. The bottoms of the latter are often strewed with 
dead shells and fragments of coral ; sometimes contain smaller 
reefs, and give birth to numerous corallines, sponges, and 
shell-beds. The subjoined engraving represents the atoll form, 
with iU enclosed lagoon : — 



DhtaBt view of a coral island, with its enclosed lagoon. 

Second^ Flat or tabular reefs are founded upon some elevated 
portion of the sea-bottom ; they have no lagoons or channels, 
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but form solid islands of coral, which in progress of time 
become covered with sand, soil, and other debris. Ree& 4^ 
this kind often exhibit lines of stratification in their maa% 
owing to the drifting of sand, shells, &c. over their fiat surface 
during the time of formation. Third, Long narrow reefs, which 
are of common occurrence, are evidently founded upon subr 
marine ridges, interrupted by irregularities and depressions-— 
such depressions causing the channels or gaps by which they 
are intersected. Many of this class are of great length : 
Captain Flindera describes one on the east coast of New Hol- 
land not less than 350 miles, unbroken by any channel. 
Fourth, Reefs encircling high land, but separated from it by a 
narrow channel, indicate a submergence of the islands which 
they surround. At their commencement they must have 
been in connexion with the shore ; a submergence, however, 
would remove them from it, inasmuch as the waters would 
cover them, and find a new shore farther inland. In their 
new position, the zoophytes would build upwards, forming 
perpendicular masses separated from the land by a greater 
or less expanse of water, according to the amount of sub- 
mergence, and the abrupt or gentle ascent of the land. This 
class is beautifully illustrated by the reefs which encircle 
the islands Raiatea and Tahaa : — 



Such are the general forms in which coral islands appear; 
though it must be observed that points of attachment are 
afibrded by many portions of sea-bottom upon which reefs 
are reared ^fter fashions the most grotesque and irregular. 

305. The extent and magnitude of coral reefs are so greai;^ 
as to be put in comparison with those of the older calcareous 
formations. They throng the Pacific over a space compre- 
hended between the 30th degree of latitude on each side the 
^^uator; the Arabian and Persian Gulfs abound in the same 



y Google 



sons. 193 

iMmiBtion ; so, also, the Indian Ocean between Madagascar and 
tile Malabar coast. Captain Flinders describes the great reef 
winch follows the line of the north-east coast of New Hol- 
land as more than 1000 miles in length, in course of which 
there is one continued portion exceeding 350 miles, without 
a break or passage through it. The thickness of the mass 
IS variable — in some instances less than twenty feet, and in 
others more than a hundred. Estimating the average at 
thirty o'r forty feet, and taking into account the vast length 
to which coral ridges extend, they constitute an amount 
of calcareous matter equal to any of the older limestones, the 
carboniferous alone excepted. 

306. The growth of coral is by no means rapid ; for objects 
long submerged have been dredged up merely covered with a 
thin incrustation. It is stated in Captain Beechey's Expedi- 
tion to the Pacific, that no positive information could be ob- 
tained of any channel having been filled up by coral within a 
^iven period, and that several reefs had remained for more 
m&n half a century at about the same depth from the surface. 
By others, it has been estimated that the increase of a reef is 
^generally from four to six inches in one hundred years ; but 
this is little better than conjecture ; for although the gro^'th 
of coral by itself be a comparatively slow process,' yet, by 
the accumulation of shells, broken coral, and other drift, a 
reef may augment at a more rapid rate. Whatever the 
rate of growth, the process of augmentation is incessant ; and 
thus, in the course of centuries, have the reefs and islands of 
the Pacific risen above its waters. The student must not,' 
however, confound elevation above the ocean with- strict 
increase of coralline matter ; because there is every reason to 
<5onclude that vast areas of the Pacific are undergoing a 
gradual upheave, by which submarine reefs and ridges are 
continually being brought to the surface, and existing islands 
farther enlarged and elevated. 



307. The superficial coating of the earth on which plants have 
grown and decayed is properly denominated " soil" It is chiefly 
composed of inorganic substances — that is, of clay, sand, lime, 
&c. — with an admixture of decomposed vegetable and animal 
matter. There is scarcely a portion of the earth's cmst 
entirely destitute of this covering, unless it be the snow-clad 
peaks of the loftiest mountains, the newly-deposited debris on 
the sea-shore, or the shifting sands of the desert. However 
slight the admixture of organic matter may be, its presence 

N 



y Google 



194 OB0M9T. 

Qonstitutes soH, beneath vrhJkoh is tlie suhwily oompaiatlvely itt* 
altogether without such admixtnre, and ther^Mre jnetlj ^ItmtA 
as clay, sand, grayel, lime, cht mixed earth, as the caae mmy 
be. Soil subsenres most important purposea in the economy of 
creation : without it tiiere could be no suceession of 7eg«ta- 
tion ; without a Bucceamon of plants terreatnial anhnala oould 
have no subsistence. 

808. The formation of soil is of easy comprehension. Suppose 
a tract yiunously composed of clay, sand, lime, and eUier 
primitive earths to be elevated above the waters, its maas would 
soon become dry and compact, and being aliemately subjected 
to the sun and showers of summer, and to ihe froets of winter, 
its superficies would be rendered loose and friable. Over this 
expanse birds would fly and animals roam, mii^flkig Hb^ 
droppii^ with the eart^ and adding their carcaaes and c^er 
exuvis ; the winds would carry the seeds of plants from o^er 
regions, and these springing up, would clothe patches «f ihe 
waste with a scanty vegetation. Mosses, l^iens, and other 
lowly forms wouM spread over the rocks and gravel, "^e 
arundo arenaria, elymus, &c. over ihe sands^ the sphagnum and 
other aquatic tribes in the marshes, and trasses on the silts and 
richer portdons. The »mual growth and decay of these plants 
would Bocm form a covering of vegetable mould, enriched by 
the droppings and exuvise of animals which fed upon them ; 
and thus in process of tbne would the region present varietieB 
of soil capable of supporting the highest forms of vegetatK)n. 
We see such a formation every day taking place around us ; 
naturaUjh in those districts imreclaimed by agriculture, and 
artiJiciaUyy vrhere manures are added to promote its fertMity. 
Independent of its utility to ihe vegetable and animal econo- 
mies, soil is of great geolc^cal importance, iiunmuch as it 
lessens the amount of degradation to which the <arust is ex- 
posed. Without the conservative influence of the turf which 
protects the subsoils, every shower and stream would wash away 
vast quantities of the loose material, whereas the lightest sand 
is secure from abrasion beneath the thinnest grassy covering. 

309. Though the character and variety of soils is more the 
study of agriculture than of geology, it may be useful for the 
student to know the distinctions which have been made hv 
recent writers on tiie subject. The inorganic portion of soi& 
consists of what are called the primitive earths — ^namely, cli^, 
silex or sand, lime, and magnesia — and of certain salme and 
metallic comoounds, such as common salt, gypsum, soda, 
potash, and tne oxides of iron and manganese. The organic 
constituents are decomposed v^;etable and animal nuS^ters, 
the progressive decomposition of which, in conjunction wiUi 
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inoiganio substances, air, and water, furnish chemical com- 
pounds of liumus, carbon, ammonia, &c.*-«U of which «re 
essential to the perfection of vegetable growth. Sand and 
clay being the bulky components of soils, a soil is said to be 
sandy when it contains no more than 10 per cent, of clay ; a 
mttdy loam if firom 10 to ^ per cent of clay ; and loam if 
from 40 to 70 per cent. On the otiier hand, dimild the clay 
»refage fiiom 70 to 85 per cent., it is denominated a clay loam; 
from 85 to 0£^ a strong clay; and if no sand be present, it is 
pure agrieyUurai clay. The same sort of distinctions are made 
when lime k present in omsiderdble abundance— 5 per cent, 
of carb<mate ci lime constituting a marl^ and 20 per cent, a 
ealcanams soU, Where soils ikre immediatdy dmved from the 
rooks beneath, th^ partake of the same chemical character ; 
and where separated by layers of sand, clay, and gravel, they 
axe still iBfluaaoed in thdr capacities for moisture by the 
porous or open texture of the suVjaoent strata. There is thus 
an intimate oonneadon between tne deductions of geology and 
agriculture — ^a eoimadon which will be more fully pointed out 
in a sidtsequeoot aeotion. 

HSFLiNlSORT KOH. 

Alabastbh — a -white semi-transparent variety of gypsum, or sol- 
phale of lime. It is a mineral of common occurrenoe, and is manu- 
laetnred into ornamental rases, and occasionally into small statues. 
The amnents used it for ointment and peif^iii^ boxes. 

MiNEBAL NATfiTHA is generally found of a ydlowieh eolour, bat nu^ 
be rendered colourless by distillation. Its enoecifio graTity is about 
three-fourths tliat of water ; it boils at 160 degrees ; and appears to 
be a pure hydro-carbon, consisting of 36 of carbon and 5 of hydrogea. 
It is highly inflammable, and bums with a white smoky flame. A 
li<|uid veiy similar to mineral naphtl» is obtained by the distillatioiL 
<tf ooal-taar. 

Pbostkation <»■ za^».—- It has been stated that the trunks found 
in British peat-mosses are most abundantly prestxated towards the 
east and north-east. This is just what might be expected where the 
trees have been overthrown by natural forces ; for not only are our 
most prevalent winds from the west and south-west, but our highest 
and most destruotive gales are also from the same quarters. 

Coral. — Some varieties of this substance have long been in request 
for ornamental purposes—their value depending upon the size, Bolidit|ic, 
and colour of the specimen. Black and red varieties are the most 
highly prized, portions of Sicilian coral having been known to bring 
so muon as eight or ten guineas per ounce. The price, however, is 
extremely variable, other portions of the seme mass selling for leas 
than a shilling a pound. Regular coral fisheries are established in the 
Straits of Messina, on tiie shores of Majorca and Minorca, the coast of 
Provence, and in other parts of the Mediterranean. Abundant sop- 
{flies are also obtained maa the Bed Sea, the Pexsian C(ul4 the coast 
of Sumatra^ &c. 
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SUPERFICIAL ACCUMULATIONS— CONTINUEa 

EARTHQUAKES AND VOLCANOES. 

310. The effects produced by earthquakes^ in as far as eleva^ 
tions and depressions of the- earth's crust are concerned, have 
been already alluded to, but the various results by which they 
are followed require further attention. An earthquake mtty 
produce a momentary undulation of the ground, followed by no 
perceptible result ; it may simply elevate one region or depress 
another ; it may be attended by a vast destruction of animal life, 
and the submergence of forests ; it may alter the course of rivers, 
and produce new shores and beaches ; it may create vast tidal 
waves, which give rise to accumulations of debris ; open new 
springs and fissures, from which issue various products difiGer- 
ing from those hitherto known in the district. Innumerable 
instances of such changes could be cited ; a few, however, will 
suffice to convince the student of the importance of this class 
of geological agencies : — By the great Chili earthquake of 1822, 
an immense tract of ground — not less than 100,000 square 
miles — was permanently elevated from two to six feet above 
its former level ; and part of the bottom of the sea remained 
bare and dry at high water, with beds of oysters, muscles, and 
other shells adhering to the rocks on which they grew, the 
fish being all dead, and exhaling most offensive effluvia. By 
an earthquake in 1819, a tract — the Ullah Bund — in the 
delta of the Indus, extending nearly fifty miles in length and 
sixteen in breadth, was upheaved ten feet ; while adjoining 
districts were depressed, and the features of the delta com- 
pletely altered. So also with the valley of the Mississippi in 
1811, which, from the village of New Madrid to the mouth of 
the Ohio, was convulsed to such a degree as to create lakes and 
islands. The earthquakes of Calabria, which lasted for nearly 
four years — from 1783 to the end of 1786 — produced numerous 
fissures, landslips, shifts or faults in the cinist, new lakes, 
ravines, currents of mud, falls of the sea-cliffs, and other 
changes, which, taken in conjunction, afford the geologist 
one of the finest examples of the complicated alterations which 
may result from a single series of subterranean movements, 
even though of no great violence. In 1743 the town of 
Guatimala, in Mexico, with all its riches and eight thousand 
families, was swallowed up, and every vestige of its former 
existence obliterated ; the spot being now indicated by a 
frightful desert four le^ues distant from the present town. 
In 1692 a similar calamity overtook the town of Port Royal, 
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in Jamaica, when the whole island was frightfully convulsed, 
and about 1000 acres in the vicinity of the town submerged to 
the depth of fifty feet, burying the inhabitants, their houses, 
and the shipping in the harbour. Such examples might be 
multiplied indefinitely, even within the limits of the historic 
period; but enough has been quoted to show the extensive 
nature of the chancres which may have been produced upon 
the superficies of the globe since the commencement of the 
current era. 

811. Volcanic forces act in a similar manner, in as far as 
they elevate, depress, and break asunder portions of the earth's 
crust; indeed earthquakes and volcanic throes, considered as 
subterranean movements merely, produce precisely the same 
results. But volcanoes, properly so called, act in another and 
equally important manner in producing geological changes. 
They elevate the crust into long continuous ridges or moun- 
tain chains, form isolated cones, and discharge accumula- 
tions of lava, scoris, ashes, loose stones, and. other igneous 
debris. The same effects have been produced by igneous forces 
in all ages, as are amply evidenced by the granitic rocks of. 
the primary, and by the trappean eruptions of the secondary 
and tertiary epochs. Volcanic rocks represent the igneous 
pi'oducts of the present era, and are associated with the super- 
ficial accumulations, just as the older traps are with the coal 
measures, oolite, and chalk strata. The granitic and trap 
rocks occur either as disrupting, interstratified, or overlying 
masses ; so do the volcanic : the former cover extensive districts, 
and form vast mountain ranges ; so do also the latter, as will be 
seen by an enumeration of some of the more celebrated vol- 
canoes. In Europe there appears to be three centres of vol- 
canic action — namely, that of the Levant, to which ^tna and 
Vesuvius belong ; that of Iceland, represented by Hecla ; and 
that of the Azores. In Asia there is abundant evidence 'of 
volcanic action on the borders of the Mediterranean, the 
Black Sea, the Caspian, and the Persian Gulf; while along 
the eastern borders of that continent there is a range not less 
than 5000 miles in length and 250 in breadth, including 
Sumatra, Java, the Eastern Moluccas, and the Fhillipine 
Islands ; the same range bearine farther northward, though less 
distinctly, for several thousand miles, and terminating in the 
volcanic cones of the Aleutian isles. The whole extent of 
the two Americas is also traversed by a volcanic range, mani- 
festing itself by eruptions along the whole line, from the 
Rocky Mountains through Mexico and the Andes, onward to 
Patagonia and Terra del Fueeo. The islands of the Pacific 
further attest the presence of similar forces ; as do those — 
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namely, the Canaries, Cape de Verd, Aseension, St Helentt, 
Madagascar, Boorbon, &c. — ^which sorroimd the contment of 
Africa. In these centres of igneous action many of the 
folcanoes aM ej^Hnety others are merely dormant^ while many 
are incessantly active, 

312. Passing cmer the disruptions produced by volcanic Jbrces^ 
some idea of dieir importtmce in adding to the rocky material of 
lAe earth* s crust ibaj be gleaned from what is stated in par. 7S, 
and from the foUowins^ quotations. In the year 1759 the 

ain of Malpais, which forms part of the rolcanic district of 
xico, was disturbed &om the month of Jnne till August 
by hollow sounds and a succession of earthquakes; and in 
September flames burst from the ground, and fragments of 
burning rocks w^re thrown to a prodigious height. Six vol- 
emic cones were formed, of which Jorullo, the central one, 
was elevated 1600 foet abore the plain, and continued burur 
ing, sending forth streams of basaltic lara till the month of 
February in the succeeding year. l?one of the other cones 
were less than dOO foet in hei&'ht. Twenty years after the 
eruption, this spot was visited by Huml>oldt, who foui^ 
around the base of the cones, and spreading from them as from 
a centre, a mass of matter 550 foet in height, extending over 
a space of four square miles, and sloping in all directions 
towards the plfidn. A subsequent eruption of this volcano 
took place in 1819, on which occasion the ashes discharged 
were so abundant, that they covered tiie streets of Guanaxuato 
to the depth of six inches, although the distance of that city 
from the volcano is not less than one hundred and forty miles. 
During the eruptions of Sumbawa in 1815, ashes w^re carried 
300 miles in the direction of Java, and more than 200 miles 
northwards towards the Celebes, in sufficient quantity to 
darken the air ; they were also found floating in tne ocean to 
the west of Sumatra, a distance of more than one thousand 
miles, forming a mass two feet thick, through which vessels with 
difiiculty forced their way. The last example which we shall 
here notice is that of the Skaptaa Jokul, in Iceland, which 
took place in 1783. This eruption continued with greater or 
less activity during the space of ten weeks, and jproduced th« 
most disastrous efi^cts, as well as the most extensive geologkal 
changes, on the foce of the island. '* The immediate source/' 
says Mr Ansted, *^and i&e actual extent of these torrents of 
rocks have never been actually determined ; but the stream 
that flowed down the channel of the Skaptaa was about fiftjr 
miles in length by twelve or fifteen in its greatest breadth 
With regard to its thickness, it was very variable, being aa 
much as five or six himdred feet in the narrow channels, but 
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Itt'the plams mrtiy moie than a hundredy and often not ex- 
«eedix^ ten feet.'' If such be the mf^itude of isolated 
ttod tcmnpoiaiy eruptions, the student cannot fail to perceive 
how mmch of teirestria} change must have been produced by 
yolcanic action even during the few thousand years of human 
history ; and can hare no difficulty in reasoning 6rom modern 
igneous forces to those which exerted themselves during the 
teppean and granitic eras^ 

313. The products of volcanoes are commonly recognised aa 
lava» ohsidian, pumice, seorise, ashes, mud, steam, and various 
gaseS) of which mnriatie acid, carbcmic acid, and sulphu> 
vetted hydrogen are the most abundant. Lam ia the name 
given to the melted rook-matter which issues from active 
Gxatena^ and which, when oooled down, forms varieties of 
volcanic trap, as tmchyte, basalt, greenstone, and dolerite, 
aecording to the amount of fel^mr, homMende, and augite 
which these rocks respectively contain. Obsidian, or volcanic 
glaflB> is a glassy lava of a black colour, nearly opaque, and 
scarcely die^guiahable from artificial glass dag. Pumice is a 
light, porous, or vesicular rock, the vesicles' having been 
fbisned by the disengagement of gases while the mass was in a 
state of fusion* Scoria^ dndurs^ ashes, and the like, are of the 
same mineral composition as the solidified lava, and seem to 
be produced by the dissipation of the liquid mass by the 
explosive energy of steam and other gaseous forces. The 
admixture of water with volcanic ashes forms a fetid clayey 
mud, which sometimes bubbles out from fissures, or is ejected 
in currents with ccmsiderable violence. Gaseous products are 
in continual exhalation from active craters, or from rents in 
extinct volcanoes. Steam is the most abundant of these ; and 
next in order are the sulpkurons vapours, from which are 
derived those deposits of sulphur so extensively employed in 
the useful arts. The manner in which the rock products 
arrange themselves is highly instmctive, inasmuch as it sup- 
plies the geologist with data to reason rejecting the occur- 
rence of igneous rocks in conn^on with the older stratified 
systems. Lava issuing from active craters descends in 
currents &om the mountain side, filling up valleys, damming 
rivers, coveriiM[ plains^ and if in uie neighbourhood of 
the sea^ sprea£ng along its bottom, there m turn to be 
covered bv newer sediments. Scoriie, ashes, and other light 
material Doing showered abroad, and home bv winds often to 
. a great distance^ are scattered indiscriminately over land and 
sea, forming layers of considerable thickness, which under the 
waters are ako covered by other deposits lava cools irre- 
gularly ; in one place preaenting trachyte of a petphy ritic tea^ 
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tare, at another passing into granular greenstone, and noli 
unfrequentl^'^ assuming a true basaltic structure. In all this 
the student must see repeated the same processes by which the 
granitic and trappean compounds were formed, the same modes 
of arrangement and relation to the stratified rocks ; and so 
can reason with certainty, from what is recent and apparent, 
to that which is ancient and obscure. 

314. The cause of volcanoes, earthquakes, and other subter- 
ranean movements has been the subject of several theories, but 
is yet by no means very satisfactorily determined. The most 
prevalent opinion is that which connects them with one great 
source of central heat — ^the residue of that incandescent state 
in which our globe originally appeared. By this hypothesis 
it is assumed that the crust of the earth is of various thickness, 
that it contains vast caverns, and is extensively fissured 
— primarily by unequal contraction from cooling, and sub- 
sequently by subterranean agitations. Through tnese fissures 
water finds its way to the heated mass within ; this generates 
steam and other gases, and these exploding, and struggling to 
expand, produce earthquakes and agitations, which are ren- 
dered more alarming by the cavernous and broken sti*ucture 
of the crust, and tne yielding material upon which it rests. 
Occasionally, these vapours make their way through fissures 
and other apertures as gaseous exhalations, or as hot sprines 
and jets of, steam and water, like the geysers of Icelana. 
On the other hand, when the expansive forces within become 
so powerful as to break through the earth's crust, dis- 
charges of lava, red-liot stones, ashes, dust, steam, and other 
vapours follow ; and repeated discharges of solid material gra- 
dually form volcanic cones and mountain ranges. It does 
not follow, however, that volcanic discharges must always 
take place at the point where the greatest internal pressure 
is exerted, for volumes of expansive vapour press equally 
upon the crust and upon the fluid mass within, so that the 
latter will be propelled towards whatever craters or fissures do 
already exist. This theory of central heat is further supported 
by the occurrence of igneous phenomena in all regions of 
the globe, and by the fact that most volcanic centres are in 
intimate connexion with each other — a commotion in one dfa- 
trict being usually accompanied by similar disturbances in 
another. The only other hypothesis which has met with 
countenance from geologists, is that which supposes the in- 
ternal heat to be the result of chemical action among the 
materials composing the earth's crust. Some of the metallic 
bases of the alkalies and earths, as potassium, the moment 
they touch water explode, bum, melt, and become converted 
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into red-hot matter not unlike certain lavas. This fact has 

given rise to the supposition that such oases may exist within 
ie globe, where, water finding its way to them, they explode 
and bum, fusing the rocks among which Uiey occur, creating 
various gases, and producing caverns, fissures, eruptions, ana 
other phenomena attendant upon earthquakes and volcanoes. 
As yet, our knowledge of the earth's crust at great depths 
is excessively limited; we know little of the chemical and 
magnetic operations which may be going forward among its 
strata, and we are equally ignorant of the transpositions which 
may take place among its metallic and earthy materials ; but 
judging from what we do know, this theory, however inge- 
nious, seems by no means adequate to the results produced; 
It is true that there occurs nothing among the products of 
volcanoes at variance with its assumptions ; but the magnitude, 
the universality, and the perpetuity of volcanic action point 
to a more stable and uniform source— that source being the^ 
internal heat or residue of that igneous condition in which 
our planet originally appeared. 



EXPLANATORY NOTE. 

098IDIAN — BO named, according to Pl'my, from Obsidius, who first 
fouud it in Ethiopia. It is a true volcanic glass, of various colours, but 
usually black, and nearly opaque. In Mexico and Peru it is occasion- 
ally manufactured into adzes, hatchets, and other cutting instruments, 
or fEwhioned into ring-stones. So closely does it resemble the black 
slag of our glass furnaces, that in hand specimens it is almost impos* 
sible to distmguish the artificial from the natural product. Obsidian 
consists chemically of silica and alumina, with a little potash and 
oxide of iron. 

Sulphur, also known as brimstone^ is a yeUow brittle mineral product 
found in various parts of the world, but most abundantly in volcanic 
regions. For economical uses, it is chiefly obtained fi-om Sicily, the 
south of Italy, and the West Indies, though many other districts 
oould yield a profitiftble supply. It commonly occurs massive, and 
intennmgled with earthy impurities ; but is sometimes found crystal- 
lised, or as an efflorescence on the sides of fissures, around hot 
springs, and other subterranean openings. The properties of sulphur 
are well known : it is a simple combustible, solid, non-metallio ; melts- 
at the temperature of 226 degrees ; emits a peculiar odour when 
rubbed ; and takes fire at 560 degrees, burning with a dull blue flame 
of a suffocating odour. It is extensively used in medicine, and for 
numerous purposes in the arts, as in the manufacture of gunpowder, 
matches, vermilion, sulphuric acid, &c Chemically speaking, sulphur 
is a very abundant product in nature, being found in coi^unotion with 
iron, copper, lead, and most of the metaUio ores, being also widely 
diffused among the earths and rocks, as well as entering into the 
composition of manv organised bodies. Though our commercial sup- 
j^ies of the mineral be principally obtained from volcanic districts, yet 
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it is in tiie pover of tiie ^liemist to extract it frwi izon pyrites ^ni^ 
phuret of iron), as stated in pax. 229; 

Volcanoes which give unremitting or pmodieal evidence of theic 
being the seats of subterranean fire, are said to be active ; such aa 
^ve been in a state of commotion within the historic period, but now 
aflbrd no symptoms of igneous action, are termed dornutnt; whUe 
tbose oonceming whoae aotivity thei* is no lustozical or tiaditioiiairf 
meBLtioa aianig»ded as extmcL 



RBCAPITULATION. 

dl5. Haying described, as folly as the rttdlmeiitary natore 
of this treatise will allow, the yarioos stratified fbrnu^ons^ 
together with their associated igneous rocks, it may be of vahte 
now to take a goieral review of the facts established b^ geolo- 
gists in their endeavours towards a completion of the history of 
our {danet. 

316. Whabtoer maff have been, the conttUuHon of the gkrbe 
previotis to the origin of granite, we are weursnted in con- 
cluding that rocks of this class form a floor or basis upon 
which all the stratified formations recline. Among the granitie 
rocks there is no evidence of a sedimentary orlpn, no Junes of 
fitratifieation^ no fossfls ; all of them are massive, and h%h]y 
crystalline. The^ upheave^ disrupt, and break through &e 
overlying i^urata in a manner which leaves no doubt of thdr 
hsviDg been produced by igneous fusion ; and such an origin is 
BOW assigned to them by almost all geologists. Had granite 
been a mere metamorphic rock — ^that is^ a product derived from 
the fusion of sedimentaiy strata — some evidence of the fiEU^ 
must have been furnished by enclosed fragments of the strati^ 
by localities where the fusion had not been completed, or "by 
traces of sedimentaiy lines ; for, in true metamorphic rocl^ 
of the secondary period, some such proo& are always present* 
But even supposmg the fusion to have been complete in every 
part, there is still the question — ^Whence was this heat de- 
rived 1 And this leads the geological theorist back to the 
starting point, that our planet was at one time an incandescent 
igneous mass. Whether the earth was originally so formed, 
or was fused by external heat, the result would be the same—* 
a globe of molten matter, graMdually giving off its heat to sur- 
rounding imace, and co<^g down so as in process of time to be 
coated witn a solid stony crust. This crust contracting and 
expanding irregularly, according as certain areas were good or 
bad conductors of heat, would produce renta^ fissures, ele- 
vations, and depressions — great in as far as our standard of 
judging is concerned, but no more in comparison with tiie 
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bi]3c of tiro ^1m, i^uoi tlie sconce o& tlie^ surface of a glass- 
Mower's fornace. As tiiis process of refrigeration went forward^ 
tiie gases capable of constituting the atmospliere and water 
would condense around and upon the ear^ — uie latter occupy- 
ing the hollows of the crust, and undergoing a rapid erapo- 
riwtion, both by the internal heal of the mass and the external 
heat of the sun — and the form^ constituting a medium for the 
elaborati(» of YsptmiMi mins, ffiad ath«r meteoric phenomena. 
Thus the rarious operations of Atmospheric, Aqueous, and 
Igneous agency were set in motion to modify the newly- 
formed crust, and to produce that long series of changes which 
it i» the prorince of geology to conmder. This constitutes the 
jlrat eia of our planet — a period when it was void of those con- 
ditions necessary to the support of vegetable and animal exis- 
teoce. 

317. The products of the ageneiee now set in motion were the 
gneiss and mica schist systems. The rains which fell upon the 
granitiQ crust, the streams whieh descended from its moun- 
tains, and the rirers which cut their way through its gorges 
and valleys, would bear the abraded material to the lakes and 
seas, there forming layers differing little in mineral com- 
position from the granite n^nce thev were derived. At this 
peiiod the earth's sur£we must have been extremely unstable, 
breaking down in Bcnne localities> and bein? upheaved in 
otiiers; so l^at floods of molten granite would occasionalhr 
envelop the newly-deposited strata ; and thus it is often diffi- 
cult to separate gneiss from rocks of true granitic character. 
In process of time> however, the gradual refrigeration of the 
g^obe would render the cimfiguration of its crust more stable, 
and so allow the sedimentary matter to be deposited not 
only ixtsre r^fulaxly, but also less intermingled with igneous 
effusions. Such a state of matters we discover in the mica 
schists, which are more finely laminated, and more continuous 
in stratificidioB, than the subjaeent gneiss. Of the sedimen- 
taiy origin of gneiss and mica schist, no one who has examined 
th^ rocks in the field can have any doubt ; ev^i in hand- 
specimens the lines of lamination are generally well-marked ; 
the crystals of which they ore composed are fra^ented and 
water- wondy attesting the abrading agency to whidi they had 
been subje<H;ed, while in granite every crystal is distinct and 
oBtize. It is true that taa rocks of these two S3rstem8 are of 
crystalline texture, and must have been subjected to a very 
hi^ degree of heai— a temperature sufficimt to fi)nn garnet 
within mica schist, but not so powerfril as to obliterate the 
lines of deposit in the mass. Another asd unobjectionable 
endence of their sadimeniaiy origm is affbided by the fiiet, 
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that the latter system consists of alternations of yarions Btroti^ 
as mica, talc, and chlorite schists, crystalline limestone, and 
quartz. No vegetable or animal remains have been found in 
either system ; hence the inference, that the earth at this 
period was not sufficiently cooled down to admit of organic 
development. This constitutes the second geological era— one 
during which the dry land and waters were alike devoid of 
life and vegetation ; an epoch of incessant subterranean agita* 
tion, as is evidenced by the vast mountiun ranges, dykes, veins^ 
and other effusions of granite by which the sedimentary strata 
are elevated and contorted. 

818. The era of the clay-slate and grauwacke which succeeded 
was one during which important events took place in 1^ 
history of the earth. Mineralogically speaking, these rodcs 
present an immense difference from those of previous systems. 
Among them the crystalline texture is faint ; clayey com- 
pounds are derived from the decomposed felspar of the gneiss 
and granite, arenaceous rocks from the quartz, and conglo- 
merates from the pebbles collected along the shores of the sea. 
Sti-atification is now abundantly obvious ; and frequent alteiv 
nations of sandstones, conglomerates, shales, and limestones 
prevail. All this attests great diversity of action — rivers, cur- 
rents, tides, and waves ; deposition in calm water, and accu- 
mulations by violent inundations. These rocks imbed Hie 
remains of lowly-organised sea-weeds, of zoophytes, and of 
mollusca. Here the geologist is, for the first time in the history 
of the earth, presented with organized forms — beings governed 
by the same laws of vitality which now regulate plants and 
animals. These organisms, it is true, are not of a high order ; 
but they are as complete in their structure and kind, as per- 
fectly adapted to the conditions under which they flourished, as • 
the most highly-organised orders of existing nature. . In all 
their parts we have abundant evidence of means to an end- 
proofs of that divine intelligence from whom nothing super- 
fluous or incomplete ever emanates. The presence of oi^nised 
beings attests a great reduction of the former temperature of 
the globe ; the existence of a shallow sea-shore fit for the 
growth of marine plants ; a sea-bottom adapted to the support 
of corals and shell-fish ; and the presence of lime and other 
salts in the waters of the ocean, fitted for the production of 
such calcareous exuvis. The deposition of the clay-slate and 
g^uwacke forms the third geologicfd epoch— one of com- 
parative tranquillity and rest, capable of sustaining sea- weeds, 
zoophytes, and mollusca, but not yet suited to the creation of 
terrestrial life or vegetation. 

319. The succeeding formations—the Silurian and Old Bed 
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SOttdBtone^-fiTQ more decidedly sedimentary than any of the 
|>revioii8 systems. They are composed of sandstones,- conglo- 
merates, shales, clays, and limestones, alternating with each 
other in such a manner as to prove the operation of numerous 
agents during their deposition. ' At one season the rivers seem 
to have carried down mud and clay, at another sand of various 
fineness ; in one locality the waves and currents produced 
pehhly conglomerates along the sea-shore, at another laid down 
the most impalpable sand, on which is often left impressed the 
ripple-mark of the recedmg tide ; along some regions of the 
sea-bottom cei'tain limestones were precipitated By chemical 
agency, in others it was accumulated by the operations of 
coral zoophytes. During the deposition of these rocks a 
change was effected upon the climate and other atmospheric 
condUions of the dry land, so as to enable it to sustain a scanty 
vegetation ; and here, for the first time in the earth's history, 
have we evidence of land-plants in the remains of equisetums, 
ferns, and other cryptogamia. The previous ^ca^weerf* become 
more prolific; other genera are added to the zoophytes and 
moilusca ; and Crustacea and fishes constitute a new feature 
in the Fauna of the globe. Respecting the land-plants, their 
remains are too impenect to afford any just idea of the climate, 
' composition of the atmosphere, or elevation of the land ; one 
thing only is evident, that they are chiefly aquatic, and seem 
to have flourished in low situations by the sides of rivers, whose 
waters bore their detached fragments to the seas of deposit. 
Oh the other hand, the marine plants are much the same in 
kind with those of the grauwacke, only flourishing more 
abundantly, to furnish food to the new increase of herbivorous 
moilusca. The silurian seas seem to have been crowded in 
some localities with zoophytes and corals, for certain lime- 
stones are almost wholly composed of their calcareous secre- 
tioiHj; and among these radiata, ewmm7g« make their first 
appearance. New and gigantic genera are added to the shell- 
fish ; Crustacea are introduced in the form of the trilobite; an 
intermediate gradation between Crustacea and true fishes in 
the pterichthysy coccosteus, and cephalaspis; and perfect fishes 
in the holoptychius, osteolepis, and other ganoidia of the old 
red sandstone. All this attests a great advance in the vital 
conditions of the globe — conditions, nowever, diff^ering so much 
from those which succeeded, that few of the races created to 
live under them are to be found beyond the limits of the 
strata then deposited. - This constitutes the fourth period of 
the world— ^ne of ordinary tranquillity during the rormation 
of the silurian rocks and lower gray sandstones; but still 
odcasionally interrupted by volcanic action, as is evidenced by 
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ihe uiterairai^eation of igneous tida amoi^nedimentsiy t 
poondfi. The colouring matter of the red ifiiidrtmieB and 
dudes seem also to 1»ear evidence of igneous dMurbance, Init 
in centres consideraibly removed from iht seas of deposit. 
"V^ateTer may ha;ve been the amoont of Tokaonc distnrbaiKe 
during the formation of these systems, there can be no doubt 
x)f its Tiolenoe and extent towards their dose, when tiny imm 
upheayed into dry land, new mountain ranges formed, Ite 
previons strata further fractnred and displace^ and the seas of 
totmre deposit circnmacribed. And here ihe student must 
observe, that the igneous produots have trndergone a change in 
ihdr composition and aspect as great as that which subsisiB 
between gneiss and sandstone. The products of previous eras 
were ffranitie; now they are chiefly greenstone, Miqpar, por- 
phyry, amygdaloid, and other traj^pean com|Knmds. No two 
sets of roci» could be more widely dissimilar, could afibrd 
evidence of a more radical change in the interior masses of 
the ear^ ; aadi though the former are occasionally detected 
pierdng tiifough secondary strata, it may be received as a 
general truth, that by the dose of the old red sandstone the 
Ime granitic era had passed away. 

S20. The formation of the cminmiferous sggtem constitutes 
<mB of the moEft pecuHar and interestmg eras in the histoay of 
our globe. Its limestones, fbsi^ shell-beds, sandstonei, shales, 
days, coals, and ironstones, indicate a vast variety and com- 
plcodty in the causes concerned in their production. Lakes, 
estuaries, and shallow seas, w^e the theatres of deposit ; 
gigantic rivers, periodioEd inundations, tidal currents, and 
waves, weore the transporting agents ; broad river plains and 
deltas nourished vegetation ^ a wide oxtent of newly-upheav«d 
oontinents famished the rock debris ; and new races of pknts 
and animals were called into ^a^tence to -people the nceaae, 
SeehweedSy eoralHnes, and coro^, ''^wre profosety scattered akng 
the shores of the ocean— 4he ktter in such abundance, as io 
constitute beds of limestone far more extensive than the coral 
reefs of the Pacific. Ih^ radiated animals, like the star- 
fish, were abundant ; ^shdl^^^ both &esh-water and marine, 
Bwarmed in myriads, leaving their exuvic to form beds 
many feet in tfaiclmess ; .whi& uew genera of crugtaoea were 
added to those which existed during tiie silurian era. Insects, 
vermes, and other arUcuiata^ appear as a fresh feature in the 
life of the globe ; and^isfte^, of the most gigantic and predatory 
orders, abound in tiie seas and estuaries. The latter are ul 
of the ganoid and placdd orders ; and, judging from their 
remains, several of them seem to mark a passage from true 
eartilaginoiis fishes to aaoroid reptiles, Tbe inost diaracteiwtic 
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(ffganic development oi this p^od, howeyer, coodbstB in the 
almost inconceivable growth of terrestricU vegetatieny from 
which were derived those numerous beds of ooid peculiar to 
the system. Judging &om existing nature, ihis vegetatioti 
was chiefly of a tropical character— -palms, pines, tr^-fmig, 
cactaces, canes, eqnisetums, reeds, rushes, and allbd orders ; 
hut for many there is no approaching analogue am<mg existing 
jduits. Most of them are of gigantic mze, and indicate rapid 
|;rowth. Eveiy plain, and swamp, and hillnside seons to have 
been choked with their luxuriance, thus evincing oonditioi» 
of temperature, moisture, soil, &c. move favourable to vege- 
table growth tban the world has ev^ sinoe experienced. Still, 
however, with all this verdure— this diversity of hill and plain, 
liv^, lake, and estuary — this exubexanoe of manne life, the 
earth was a luxuriant desert, if we so speak, void of terrestrial 
vitality. This constituted another cycle in ihe earth's history 
— a period of excessive vegetation, Imt only of ordinary tran- 
guillity, as we find proo& of igneous agency more or less 
displayed throughout the entire formation. The subterranean 
fires were, however, only smouldering to renew their activity, 
to upheave into dry land the important pax)ducts of the car- 
boniferous strata. 

221. The era of disturbance which tucceeded was that during 
which the new red sandstone and magnman UmesUme were 
deposited. Before their commenoement, and just at the c^ose 
of the coal-forming p^od, a magnificat duplaj c^ subter- 
ranean agency took place. The hills u^on which the moun- 
tain lim^one redinee^ the c<mieal tmd isolated elevations of 
the coal measures, together with all tiiehr fractures, dykes, and 
upheavals, were produced by these forces. Every coal-field 
bears ample evidence of their effects ; they seem to have con- 
tinued in activity over a long lapse of years, daring which the 
previous luxuriance of ve^^tion passed away^, together with 
most of the zoophytes, mollusca, and fishes which had peopled 
the waters. The formation of new strata was not, howwer, sus- 
pended by these disturbances ; new rivers carried down to new 
seas of deposit sand, clay, and mud ; but the sandstones and 
shales formed by these materials are not like those of the coal 
measures. They are aU highly coloured, imbed few or no 
remains of plants, d6ntain deposits of gypsum and rock- 
salt, and alternate vidth magnesian limestones. All these facts 
point to the prevalence of volcanic influence — the red colouring 
matter, the local aggregations of rock-salt, the peculiar com- 
position and texture of the magnesian limestone, are its imme- 
diate products. As these disturbing influences passed away, 
creative energy began to be exerted anew; aim before the 
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-close of the new red sandstone epoch, many new genera of 
fishes and true aquatic reptiles were called into being. 

822. The period of the lias, oolite, and chalk was oi^ of 
restored tranquillity. The strata, with a few limited excep* 
tions, are eminently marine and estuary, deposited in qnic^ 
waters, and undisturbed by igneous agitation. Had we a map 
of the globe at this epoch, it would pi*esent a number of islands 
and low continents surrounded by comparatively shallow seas ; 
ihe land supporting a tropical, but by no means exuberant 
vegetation, and the waters swarming with shell-fish, fishea^ 
-and reptiles. An atmosphere such as we now enjoy, a tropical 
temperature, and abundance of moisture, were the conditions 
under which new tribes of palms, ferns, cycadesB, conifera, 
and a few dicotyledonous trees flourished ; and under which 
chambered shells, naked cephalopods, sea-urchins, star-fishes^ 
new bivalves, ctenoid and cycloid fishes, numerous gigantic 
reptiles, marsupial mammaliay and monkeySf were called into 
existence. In all these forms we discover a nearer approach 
to existing nature than was made by the Fauna and Flora of 
previous eras ; and yet few, if any, of the genera outlived the 
chalk formation. The deposition of the oolitic and cretaceous 
systems constitute another epoch in the history of our planet 
during which many of its inhabitants died out, and were suc- 
ceeded by other races better adapted to its progressive condi- 
tions. The period was eminently one of rest, distinguished 
only at its termination by a few local disturbances. 

323. The tertiary strata were deposited under conditions 
still more closely allied to those of the present day. With 
the exception of gypsum and certain limestones, the gravels, 
sands, marls, and clays are scarcely distinguishable from those 
of recent times. They seem to have been formed in estaiaries 
and shallow seas, which at certain seasons were cut off from the 
influence of salt water, or at least were so situated that fresh 
water was then the predominating agent. None of the basins of 
deposit are of gi-eat extent ; they generally occupy situations 
still flat, and differing little in point of level or configuration 
from existing seas. The earth at this period appears to have 
spread out in vast savannahs, abounding in verdure, and to have 
been clothed with grasses, shrubs, and trees scarcely different 
from living orders. Mammalia — herbivora and camivora — of 
the most varied forms and sizes now peopled the surface, in all 
of which we distinguish the prototypes of existing g^iera. 
Birds are also added to the list of terrestrial inhabitants, and 
such as have been found are identical in form with those now 
around us. The shell-fish bear so close a resemblance to those 
of the present seas, that many of them are identical in 
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The fishes. are chiefly of extmct genera, but other- 
wise closely allied in their forms and mode of life to modem 
families. Whales, walruses, seals, turtles, crocodiles, are now 
numerous and indubitable ; so that, all things considered, the 
^iertiary era brings ua to the confines of existing conditions. 
This epoch was terminated by a wide-spread and general dis- 
turbance, by which the dry land and ocean received their pre- 
sent configuration. This disturbance was accompanied by an 
almost totel destruction of the terrestrial Fauna and Flora ; 
by a decided change of temperature in the regions where the 
tertiary beds were deposited ; and by the production of an 
Accumulation f diluvium) over the greater part of Europe at 
least, which forms a boundary between the tertiary and 
-current epochs not to be mistaken. With this system the 
subterranean fires cease to discharge trappean rocks, which 
liad been the invariable products of every igneous agitation 
from the dawn of the silurian period. It is true that on a 
small scale there are maiiy of the tertiary traps undistinguish- 
able from the products of modem volcanoes ; but, judging them 
by their general relations and composition, there is as wide a 
^fierence between the igneous rocks of the current epoch and 
the trap, as there is between the trap and the older granitic 
compounds. 

324. The current era is that lithologically represented by 
those superficial accumulations of gravel, sand, clay, mar], 
peat-moss, shell-beds, coral-reefs, &c. with which every one 
who moves beyond his own dwelling must be to a certain 
degree familiar. Many of these accumulations are of great 
Antiquity, and, both in their mineral and fossil characters, 
blend with the tertiary strata. One fact to be observed re- 
«pecting the whole of them is, that they are loosely and irre- 
• gularly scattered over the surface, and have been evidently 
deposited since the crust received its present configuration. 
Still, it must be home in mind that there is no such thing 
as geological rest — the atmospheric, aqueous, igneous, and 
organic agencies are incessant in their operations; so that 
what we denominate "an era," is, in fact, a mere series of 
progressive movements, whose results present as many points 
of similarity as will admit of their being classed under one 
category. Even since the present order of things was esta- 
blished, great changes have been efl^ected ; portions of dry 
land have been submerged, and portions of sea-bottom raised 
above the watera ; lakes have been silted up, rivers changed 
^m their courses, and mountains formed ; while organic agency 
lias produced peat-mosses and coral-reefs of astonishing magni- 
tude. We have seen that the Fauna and Flora of other epochs 
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whick they flourished ; amd. ao y&e euaxoMMaaeoi of tfa* <mr- 
;ipeDt eta was marked hy the eneationof aaw ovtes suitai 4o Its 
peculiar conditiona. These are the varioafl saeeB^if i^aats toid 
a&iiAaJs aov existuarrHNibjocited to tke aaaia laws of viUiiitjry 
hili difieriDg la hahiis, form, and idibd freni those of etfaer 
^[eologlcal eydea, Formeriy, tiie oed^n, genera, aad lyeeieo 
were few, wkh an immenfie niunher of indlTidmds under «aeii 
species ; now» in^vidaak are le« numerous, while tiSm epaeisB, 
i;eiiera» «nd orders are mfinitidly more raried and ooraplseatad. 
As &r as eao he ipfened &oin the discovery of fiMuIp^ thwe 
has eyidently been a progressiye development of vag^tahla^nd 
animal life ; not pixigpeisive in point <^ perfectitade— fig the 
;K>ophyte of the sUunan seas is as convex and perfeeC m its 
structure as those of the Pafeifi&--bat progressive inaMiiiieli 
as higher ao4 more varied orden were successively called into 
heing. This view, borne out by all thai has been witnessed m 
the strained systems, is eonfinned by the current era, which 
clamis &r itoeu still more hi^yHOtganised orders of foei&ff—- 
these orders orowned, moreover, by the creatkm and distriW- 
tion of Mak. In none of the older formatieiis were fiHUid any 
rwnains of mm or hk works ; these are confined to tiie naoat 
recent and superficial accumulations — ^to masses of ^pokasic 
scorLe, peat-bogs, and river-sanda. 

325. The hiMt&ry of the earth thus preasnts a long serisa of 
mineral and vital gradations, as yet but imperfeetly interptatad 
by geology. The stratified formationsy from the gneiss to the 
existing surface, bear evidence of these gradations, ooth In th«r 
composition and mode of aDgregation ; so also do the unstrati- 
fied rocks — the gmnitic, trappeaa, and volcanic compoimda — 
by the order in which they succeed each other. On the other 
hand, plants and animals rise, as it were, fiom the almple 
;;oophyte to man himself, appearing at nuocessive eras, aa new 
conditions permiUed their devel(^ment. As syst^n gradually 
mei]ges into system, so the Fauna wad Flora of one period seeei 
to live into that of another, there being always certain races 
which serve as links of conneiuon between succeeding istm. 
This idea of gradation implies not only an incessant onwaxd 
chan|;e among the rock xnaterials of the earth, but also that 
certam races of plants and animals must be perpetually drop- 
ping out, pa links from the great chain of animated nature. 
And such is the fiict even with respect to the current era. 
The mammoth, mastodon, megatherium, and other huge 
pachydermata which passed from the tertiary to the modem 
epoch, have long since become extinct, leaving their bonos in 
tne clays and gravels of our vaUeys. The elkf bear^ wild 
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hMBt, w^y «m1 beKTcr, m^ now exthict in Biftaln ; and wlwt 
taikxm plaee in limit«d rt^snts, mmst; dbd oocur^ thotigh move 
ildwly, te wider c<mti]i0irt&. 11i« dodo of the. MMiritfttB, ^kt 
^ftMmit aad wteryx of New Zealand, af« now matters of 
histofr; «Bd tne wasm ooases wkich led to their extinetioft 
veemshurr^eeiiward to the«blitenitioiiof the beaTer, oetikh. 
ktt^roo, md other wimids whoie drevimsetibed range or 
WKiBtence is gvadtially being broken in npon bv new condltkme. 
Snch fiMts «s th«M> taken In connexion with the nnmerooB 
vaperficid dmm produced by liveis, lakes, seas, peat-beds^ 
eond-«eeft, earthquakes, and Tokanoes, have led to fipecfola^ 
ii<Hi8 WB to the conditions which yet await our {da&et% 

386. Betpeeting the fiOwn history of 4he §MBy it wen y^&a 
to offer any oonjectiire. Subjected as it is to the nnmeuMtt 
^Dftodifying csases preYioudy described, we know that irast 
changes are aow in progress, and that the pitsent aspect ^ 
nature is not the same as that she mnst assmne a thou^ 
sand yeam hence. But what may be the character and aanotmt 
of these changes, what Utte new conations brought about 1^ 
them, or what Uie races of plants and animals adapted to Uiese 
eenditioiis, we have no means of detemnining. This only we 
«re assured o^ that whateyer vicissitudes may affect the globe, 
they will be tempered in perfect accordance with the happi^ 
ness of organised existence : Uiat Supreme Intelligence which 
has maintained the past wUl continue to protect uid 8uperiii<^ 
tend the foture. 



IMPORTANCB OP GEOLOOY. 

827. 'Hie object of the science bein^ to ascertain the nature 
of the materials composing the eartn's crust, their mode ox 
urrangement^ and the causes producing that arrangement, it 
has at once a theoretioal and j^raetical importance. The former 
consists in that impetus which it gives to intdlectual acti- 
vity, the wholesome discipline which it confers on the rea- 
soning faculties, those exited notions^ of creation which it 
-conveys, the sounder convictions of man's relation to external 
nature which it imparts, and in the thousand proofe which it 
establishes of a divme and superintending intelligence. The 
latter, on the other hand, arises ^m the economical benefits 
which it conffers on civilised life; from the aid which a 
knowled^ of its deductions affords to the arts of mining, 
engineerm^, architecture, and agriculture. 

S28. In tU philosopkieal nnd specmiativ^ imp&riance, geohay 
is second to wme 0$ the natural sciences. Depending mt 
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an* accurate solution of its problems upon mechanics, cbe^ 
mistpy, botany, and zoology, it takes a wider range of inves- 
tigation than any other individual science; indeed, as a 
history of the earthy it may be said to embrace the total 
field of human research. Its study, therefore, calls into acti- 
vity not only the observinsr powers to note what actually 
occurs, but the reasoning raculties to account for the source 
and mode of occurrence. It is thus liable to be encumbered 
with the absurd and fanciful theories of imperfect knowledge 
— theories, how:ever, which gradually disappear before tne 
light of more accurate observation and sounder reasoning. 
Though essentiaUy aided by the other sciences, it has not 
left, the assistance altogether imrepaid ; but has afforded 
numerous si^gestions to. the chemist,. and thrown additional 
light on the study of plants and animals by its peculiar fossil 
forms, which replace, as it were, the lost links of vital grada- 
tion. But the discipline which it confers on the reasoning 
powers is further enhanced by the. intellectual pleasure which 
its investigations afford. The study of existing nature is 
confined to what is recent and obvious : geology takes a 
bolder flight, and reveals the successive conditions of the 
world to vie remotest periods of time; and as each era, with 
its peculiar forms of life and vegetation, is unfolded, What 
research could be more fascinating or . instructive ? As in 
existing nature everything is impressed with proofs of divine 
wisdom, so in the revelations of geology every fact teems 
with evidence of the ceaseless agency of the same upholding" 
power. 

329. The practical or economical value of the science refers 
more especially to the art of mining, to the construction of 
roads, tunnels, canals, harbours, buildibgs, &c. and to the 
improvement of agriculture. In minbig, a knowledge of 
geology is essential at every step. If the product sought 
after be coal or ironstone, tne geologist knows the position 
which these strata occupy in the crust of the earth, the 
nature of the. rocks usually associated with them, the kind 
of fossils imbedded, and can therefore direct the miner with 
unerrinff certainty. For want of this aid, vast sums of 
money have from time to time been expended in search of 
these minerals — the parties being misled by fragments of 
black schorl among the primitive rocks, carbonaceous shales 
amid the erauwacke, or by thin lignitic beds amid the 
lias and oolite. Now, the practised geologist knows that 
coal, as a distinct formation, does not exist previous to the 
carboniferous era, and thereiore would have warned against 
the foUy in sinking shafts in. the clay -slate or old red 
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saAdstone; lie knows j also, tbat after the commencement 
of the new red sandstone, coal in workable beds ceases to be 
found, and that lignite, jet, and brown coal are mere local 
and insignificant deposits. Besides determining the position- 
in which coal, ironstone, and other useful strata occur,, 
geology can direct the miner through all those obstructions 
occasioned by faults, dykes, slips, ana the like ; for even these, 
irregular as they seem, bear certain evidence of their direc- 
tion — ^uDthrow or downthrow — ^which the experienced eye 
can reaoily detect. As w^ith the minerals of commerce which 
occur in strata, so to a certain extent with the ores of lead, 
copper, tin, silver, and gold which are found in veins and 
lodes. These veins follow certain courses in relation to the 
great axis of elevation with which they are associated, . are 
mterrupted by cross dykes and veins, are thrown up or down 
by dislocations — all of which an experienced geologist can 
determine and map out, so as to save much fruitless waste 
of labour and capital. 

330. The importcmce of geology to the civil engineer and 
architect is so obvious, that the fact requires little illustration. 
Possessed of a well - constructed lithblogical map, on which 
ai'e delineated the varioas kinds of strata, their dip, direction, 
and other particulars, the engineer has a safer and cheaper 
guide for his direction than Sie scattered data of the boring 
rod. He sees at once the nature of the rocks through which hS 
work has to pass— whether common road, railway, or canal ; 
can estimate with certainty the expense of construction, and 
avail himself of minerals which he knows must lie in the vici- 
nity: while one ignorant of geological truths would blindly 
pass by such advantages. In fixing a line of road or railways 
the informed engineer will avail himself not only of facilities 
for present construction, but calculate, from his lithological 
knowledge of the district, for the future benefit of those con- 
cerned in the undertaking. In the case of canals, moireover, 
where retention of water is indispensable, the geologist can 
effectually aid in the selection of a route, by attending to the 
nature and dij) of the strata, and to the fractures and dis- 
locations to which they have been subjected. He is enabled, 
from his knowledge of the rocks and their positions, not only 
to prevent waste of water, but to select a route where fresn 
supplies can be readily obtained from below. As with 
roaos and canals, so with tunnels, docks, Artesian wells, and 
other undertakinffs commonly intrusted to the civil engi- 
neer. It is true tnat such works mav often be satisfactorily 
enough completed without the aid of geology, but undoubt- 
;edly a knowledge of its deductions will materially assist^ 
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Iff eoahaimg a e«rtaiBty umA seeurity tm mhat would otiber^ 
vise W a laeie i^ntem df tvial and ctfor* n» afl6i»- 
tanee whicbr gei^ogy brings^ te tbci avchitect ia not quite, so 
envious ; as actual eomeviBgieitt is, alber a]^ &e best and oi^ 
test of a roek^s dunhbility. Hawey^r, hj oh&erfmg ibe effeeCa 
of weatjiery watei^ and th# like^ osi strata exposed ia natiiKil 
seetioiiSy be can fead^rf determiae ae to thor fitness £>r aaj 
particulaar struolwe. The asMunt of waste expeiiefioed hf 
ancient biiiTdings is also anotker sale and yalid test f and it 
i» the ttarelled geologist, and net the mere hiulder, whe eaa 
point to the lo^ditv, naj, to tiie yery stralusi> whence the 
8t(»ies of these huiloings were ohtatned. 1%us, both direciijr 
and indirectly, tile science is brought to bear upon arch^ee- 
tose ; a &ct jrallj appreciated by t^ legishiture in ita apposaU 
ment oi a commissiQa, coomosed ia part of geolegistSy to 
detennine th? rock most suitable for the structii^ of the new 
h(»i8es (^paj^Mameiit; 

331. The assistance which geology is cakuk^ ^ eot^^ 0n 
M# soimtise af agriculture^ constitutes one of the most appa- 
rent features in its ecc»iomical importance. Afi lertye soEs 
•oasist of two classes of in^redicftts^-or^aaic and ui«»ai»c : 
the f(Nfmer deriyed fhnn uie decompos&tioar of ammu and 
yesetable matt^, t^e ktt^ fifom the disiBtegratieft ef the 
sohsoil IX rocks beneath. Without, a certain propovtioft of 
eoganic matter, no soil can be fertile; but it is equally tniey 
that without a due admixtuare of inarg^anie cempoimds^ au 
aAtenu»ts to improye it will be fruitless. These con^unds 
am iMs&j dBj, hme, silieious earth, and magnena^ wUh 
certain salts of ircm, manganese, potash^ and so^h^^aH: e£ 
which are obtainable either loom, the igneous or sedimen- 
tarjT recks, or hom the superficial aecvmuhitiona formed hj- 
ihBsgf deknlB ; and the farmer can at once effect a ponoanent 
knproyement on his land by supnlying the particukr ingie* 
dicsit in which his soil may be ae&aimit. To do thie, how- 
ey^^ he requires ta knew not only the eompositibn of the 
most preyalent rocks, bat aliso tiie precise i^ot whieh they 
occupy ; in other words, he mmt be aUe to comprehend m^ 
lan^^uage and delineatgk»e of a geological map of Im ewft 
eooatiy. Besides thas admixture of inemnu; substeaces^ 
titete ore- otheif conditions necessary to j^rtility; aamehry 
&eilitiea for draina^, capabtBty of retaamntf moisture^ the 
ianocnous nature of the subsoiV and power at absorbing and 
radiating oaJmc. Soil oyeriying tnm and Mmestone reqvires 
less dvamage than Idiat coyering tne eoal meaeures, saii* 
^erooamaris^ oir weaUen, because the former rocka are fiiti ef 
flnases and j^ointSy nduk the laMr are chi^y tenacioas and 
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idj^bMken ckrfs. Again, land of itsdf dry and friable ma^ 
be^ rendered wet by springs wlideh arise along* some line ei 
^loiea^ion. The &nner ae^uainted with the dedndaons^ of 
geology wonM cheaply lead oS these ^rings at their sooree^ 
wh^ he who wa» igncnrant would lalorionely fferrow-draitt 
laas whc^ ^M, and fnd, after aQ^ that his was the less effse* 
tual method of the two. Sneh aare mere indications of.th^ 
assistance which geology is calculated to confer on agricul- 
ture—an assistance very apt to be overrated, unless the farmer 
at the same time avail nimself of the discoveries of chemistry 
and vegetable physiology. 

332. It must iwt, h&fvever, he supposed that the science is 
of practical value only to the miner, engineer, architect, and 
agricidturist; every individual is liable to be more or less 
assisted by its deductions. The capitalist who speculates in 
land, the agent who effects sales, the statistician, traveller, 
and explorer, may all reap direct advantage from the same 
source. Take, for example, a case of emigration : — ^Two indi- 
viduals, possessed of equal capital, set out, say to New Zealand 
or to the Far West of North America. The one ignorant of 
geology fixes upon a locality characterised by the beauty of 
its scenery and the fertility of its soil ; the other skillea in 
the science decides upon a long -rejected lot, of bleak and 
barren aspect, but rich beneam in coal, limestone, iron, 
copper, or lead, which his geological knowledge at once 
enabled him to detect. The former pays a high price for his 
land, and yearly toils over it to reap therefrom a remunerating 
harvest ; the latter obtains his despised territory for a mere 
trifle, makes his fortune in the course of a few years, and 
when roads and canals are constructed around him, re-sells 
his property for fifty times its original purchase - money. 
Such instances are by no means of rare occurrence. Even 
our own country can furnish examples where estates, sold 
under ignorance of their mineral value, brought only ten or 
twenty thousand pounds, for which, in less than a dozen years 
afterwards, an oficr of ten times that amount was rejected. 

333. The advantages resulting to civilised life from the cul- 
tivation of geology must be renaered sufficienfly obvious even 
by the above hasty and imperfect outline; and yet it is 
scarcely half a century since it was recognised as a legitimate 
branch of natural science. Previous to that period it was 
obscured by absurd theories, which drew down upon it the 
imputation of being a visionary and dangerous pursuit ; now. 
by the cautious industry of its cultivators, it is established 
as one of the most important of human acquirements. It is 
taught m our schools and colleges, disseminated by treatises 
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and from lecture-rooms, and especially fostered by every - 
enlightened government. like most other sciences, it has 
still a wide field of research before it, many difficulties to 
overcome, and prejudices to remove ; but, linked in connexion 
with all lliat is valuable , and interesting to man. there is little 
apprehension for the successful attainment oi its object — a 
complete physical history of the planet we inhabit. 



y Google 



INDEX. 



ty The figures in the colnnms beneath indicate the paragraphs of the text in 
which the particular term or subject is fully explained ; and the letter n refers 
to the notes accompanying the section in which the paragraph occurs. 
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Plaster of Paris, .... 249 
Plastic Clay, . . . . 249 
Pleiocene, . n, page72»SM5 

Pleistocene, . . n, page 72, 245 
Plesiosaurus, . . . . 223 



Plutonic Rocks, . . », page 71 
Po, the Delta of the, . . .279 
Poikilitio System, . . .205 
Porous, ..... . .96 

Porphyry, . . n, page 100 

Post-Tertiary, ... . .261 

Potstone, 150 

Prairies, Formation of, 9B4, n 

Primary Districts, , . .149 
Primary Strata, ... 144 
Primary Strata, Origin of , . . 146 
Primary Strata, where found, 148 

Primary Strata, Uses of, . . 150 
Producta (figured), ... 190 
Protogine, .... . .133 

Pterichthys (figured), . . 174 
Pterodactyle, . . . .221 



Puddingstone, 
Pumicestone, 
Pyrites, . 



Quartz, 
Q,uaternary System, 



. 172, ft 
. 313^ 
n, page 90 



97 
261 



Radiated Animals, ... 121 
Rain, Effects of, ..... 54 
Raised Beaches, ... 294 
Resins, Mineral, . n, page ISQ 

Retepora (figured), ... 189 
Rhone, the Delta of, . . .279 
Ripple-Mark, ^ ... 176 
Rivers, Action of , . . * ^,n 
Rock. Formations,. Classifibd, 

124-130 H 
Rock, Definition of , . . . 125 

Rock-Salt, 213 

Rooks, Stratified, Aqneoos, or Sedi- 
mentaiy, . . . . tt 
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Bocks, Unstratified» IgneooB, or 

Yoloanic 92, 1S9 

Bocks, Mechanical Structure of, 94 
Bocks, Mineral Composition of, 
Bocks, Varieties of , . . . 98 
Bocks, Chemical Character of, . 99 

Boestone, 216 

Booifaig-Slate 169 

Bothe-todte-liegende, . . 207, n 



8accharoid Texture, 

Saddle-Back, . 

Baliferous System, 

Salt-Book, Formation of. 

Salt Springs, 

SandrDrift, 

Sauroid Animids, 

Sauroidichnites, 

Savannahs, Formation of, 

Scaphite, 

Scaphites (figured), . 

Schistose, 96 

Schorl, .... n, page 43 

Scoriae, . . n, page 43, 313 

Sorewstones (encrinltes), n, page 119 

Sea, Depth of. 

Secretion, 

Sections, Natural and Artificial, 

106, 106 
Sediment, . . . 30 ; n, page 37 
Seleaite (crystallised gypsum), 206 

Septaria, 192 

SOTpentine, 
Shell-Beds, . 
Shell-Fish, Effects of, 
Shingle Beaches, . 
Sigillaria (figured), . 
Silicious Compounds, 
Silicious Sinter, 
SUt, 



n, page 136 
n, page 126 



», page 137 



n, page 48 



Silt, Marine 267 

SiLUBIAN SVSTJBM, . . .156 

Silurian, why called, . n, page 90 
Silurian System, Fossils of, 162, 163 
Silver, where found, . . 169,204 
Slips, .... 111,201 

Snow, Effects of, .... 64 

Soils, Formation of , . . 61,306 
Soils, Varieties of , ... 309 
Sohir Heat, Effects of, . .44,46 
Solar Light, Effects of, . 44, 45 

Sphagnum Palustre, . . 291 

Sphenopteris (figured), . . 194 

Spirifera (figured), ... 169 
Springs, Effects of , . . 57,58 
Springs, Salt, .... 213 

Springs, Varieties of , . . . 56 
Squamoso, ..... . 95 

St Cuthbert's Beads, . n, page 119 
Staffa, Basaltic Columns of, . 800 
Stalactite and Stalagmite, . 287 
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87 
269 
184 



140, 



61, 
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Steatite, 97 

Steppes, Formation of, . 284, n 
Stiginaria (figured), ... 194 
Stratification, Forms of, . . 107 
Stratum, . . . . n, page 11 
Subcolumnar, . . n, page 119 
Subcrystalline, . . n, page 119 

Submarine Deposits, . . .271 

Subsoils, 307 

Sulphate of Lime (gypsum), . 97 

Sulphur, . . . . n, page 201 
Superficial Accumulations, 251 



Supraposition of Rocks, 
Surface Configuration, 
Syenite, 

Synclinal Axis, . 
Syringipora (figured). 



130 

23, n 

133 

108, n 

189 



Talc 97 

Talc,' Uses of , . . . .139 
Temperature of the Globe, 16-22, n 
Temperature of the Earth's Surface, 17 
Temperature of the Earth's Crust, 18 
Temperatiure of Central Parts, . 21 
Terebratida (figured), . . 161, 163 
Terraces in Valleys, . . . 273 
Tertiary Basins, . . .242 
Tertiary Strata, ... 239 
Tetrapodichnites, . n, page 126 

Thames Tertiary Basin (figured) , 241 
Theroid Animals, . . . 247, n 
Tides, Effects of, . . . 172,180 

Tilestone, 180 

Tilted Up 107 

Tin, where found, ... 1^ 
Toadstone, . . . n, page 98 

Trachyte, 313 

Trade- Winds, .... 40 
Transition Districts, Features of, 168 
Transition Districts, Scenery of, 168 
Transition Rocks, . . 130, 156 

Transition Rocks, Succession of, 159 
Trap Tuff, ... 198 

Trappean Rocks, . . . .129 

Travertine, 287 

Triassic System, . . n, page 126 
Trigonia (figured), ... 222 
Trilobites (figured), ... 163 

Tripoli, 288 

I'rough Form of Coal-Fields, . 201 



Unconformable Strata, 
Upthrow, . 



. 106 
111, 201 



Valley Deposits, . . . .275 
Valleys, Varieties of, . n, page 177 

Vegetable Classification, . .120 

Vegetable Growth, Effects of, 81-83 

Veins, Ill 

Vertebrated Animals, . . .121 

Vesicular Texture, ... 95 
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In frogreu 4)f PuMtcaUon, 

CHAMBERS'S 
EDUCATIONAL COURSE. 

BOXTXD BT 

WILLIAM AND ROBERT COAMEESS, 

CONDUCTOBS OF CHAMBBBS*S XDINB17BOH tOVTOKAL, XIC. 

The Buooen vhicli has attended the efforts of MenfB €bascbbrb In fbe 
lw»^TWf of Popular Instruction, has induced tliem to undertake the duty 
of euppSying a series of Treatises and School Books, oonstmoted acootrffing 
to ihe most iidvanced views of Education, hotfaasaSdenoe and an Ait, 
and answering in its parts and ultimate general effect to the demands of 
tfaea^k 

Their CSovBSX win, as Dar as postfUe, emhodj the cede and materials of 
• complete Elementary Education, Fhysioal, Moral, and l a t e P e etus I, 
aeeoritog to the following Tiews:— 

i,Phii$ical EdueaiUm.'] In order that man may po s oew a vigorous frame ^ 
of body, and its concomitant sound health, without which every species of ^ 
BM>ral and inteUeetual excellence is cramped and fhistrated, he most he 
SBhjeeted from the moment of birth to such processes of management, and 
aflerwmrds trained to such habits in food, exercise, deanUnees, and ezpo« 
sere to air, as hare been ascertained to conduce to strengOi and health. 

ZMoita Education.'} For the sake of himself and society, he must he halifl- 
titttei* ftom the dawn of consciousness and feeUpg, to the leguhitioB of 
ttie inferior sentiments of his nature, and gradually to the doe.exerefseof 
the hii^er sentiments— justice, kindness, and tmth, towards his feBow- 
beings, and veneration towards the objects of his xeUg^oas fsitti. 

iltUdUOuai Education.'] That he may be qualified Ibr the ready aequi- 
ritlon ef knowledge, and the performance of ttxd duties and labours <tf hfe, 
he most he instructed in (1) R«uling, at least in his own tongue, fB) 
Writiiig, (3) Arithmetic, and (4) Grammar and O o m pod i tlon. That he 
Bwy enter life with a noind hifermed reqieotiiig that creation of whi<& he 
is a part, and that society of which he is a member, and qualified, as well 
asmay be, to perform the part whidi wHl ftall to his lot, he must he 
acquainted with at least the elements of the following kinds of know- 
ledge— (1) the Surface of the Earth (Geography) ; (2) the Structure of the 
Earth (Geology) ; (3) the Vegetable ProdnctloBs of the Earth <Botany) ; 
(4) the Animal Creatures of the Earth (Zoology) ; (5) the Phenomena of 
the Atmosphere <Jieteato]i«y) ; (6) the Elemento of Matter and their 
Combinations (Chemistry) ; (7) the Mechanical Powers and Relations of 
the Material World (Natural Philosophy) ; (8) the Science of Measure- 
ment (Geometry) ; (9) the Relation of our Globe to the other component 
parts of the vast System of Creation (Astronomy) ; (10) tho Physloal, 
Moral, and Intelleotual Nature of Man, with reference to the preservation 
of health, and the attaixment of happiness ; 11) the Production and Dis- 
tribution of National Wealth (PoUtical Economy) ; (18) the History of 
NatleDS and Countries, AnoiBnt and Modem, evedaUy those in wiiich 
the Papa is most iBtensted-of their Litemtnre, Emianit Men, Re- 
fonroes, &CU 

As it is not, in the meantime, possible fonieaily Ihe whole of the people 
to acquire a complete intelleotual education under masters, the Totaacies 
referring to that department t0<U &« ea2(nite(ed Of fftud^ Of iMtf«{U^/)r 2A« ^ 
Hfunlnttntaed pertom q^gg kimdi, mtd inaUc irvmmttmtim. 

[for list sbb nbxt paob. 
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Chambers's educational course. 



' LIST OF TREATISES ALREADY ISSUED, 
All strongly bound in coloured cloth, 

Infant Treatment Under Two Years of Age, 
Infant Education from Two to Six Years of Age, 
First Book of Reading, 
Second Book of Reading, 
Simple Lessons in Reading, 
Rudiments of Knowledge, 
Introduction to the Sciences, 
The Moral Class-Book, - 
Introduction to Arithmetic, 
A Geographical Primer, 
Text-Book of Geography for England 
Introduction to English Composition, 
English Grammar, Two parts, each 
Exercises on Etymology, 
First Book of Drawing, 
Second Book of Drawing, 
Animal Physiology, 
Vegetable Physiology, 
Rudiments of Geology, 
Rudiments of Zoology, - 
Rudiments of Chemistry, 
' Natural Philosophy, First Book, 
' Natural Philosophy, Second Book, 
Natural Philosophy, Third Book, 
Elements of Algebra, Two Parts, each 
Key to Algebra, 
Elements of Plane Geometry, 
Solid and Spherical Geometry, 
Practical Mathematics, Two Parts, each 
History and Present State of the British Empire, 
History of the English Language and Literature, 
Principles of Elocution, - 
History of Greece, . - - - 
Exemplary and Instructive Biography, 
Mathematical Tables— Jn the press. 

$y Other works are in preparation to complete the series. 



Is. 3d. 

. 2s. Od. 

Qs. lid. 

• Os. 3d. 

Ot. lOd. 

- Qs. lOd. 
Is. Od. 

- \s. ed. 
Is. Od. 

. Os. 9d. 

Os. lOd. 

. Os. 6d. 

Is. 6d. 

- 2s. Od. 
is. 6d. 

' Is. 6d. 

is. 9d, 

- Is. 9d. 
2s. 6d. 

- As. Od. 
2s. 6d. 

' Os. lOd. 

Os. lOd. 

. Os. lOd. 

2s. ed. 

- 2s. 6d. 
2s. M. 

' 2s. 6d. 
4r. Od. 

- 2s. 6dL 
2s. 6d. 

- 3s. Od. 
3s. Od. 

- 2s. 9d. 



8CH<D0L«E00M MAFS 

Of ENGLAND, IRELAND, SCOTLAND, BUROPB, ASIA, PALES- 
TINE, NORTH AMERICA, SOUTH AMERICA, AFRICA, and 
THE HEMISPHERES. Each Map measures 5 feet 8 inches in length 
by 4 feet 10 inches in breadth. 

Price, coloured, on cloth, with rollers, 14s. each. The Hemispheres (in- 
cluding Astronomical Diagrams), 21s. 
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